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CHAPTER 1

| NTRODUCTI ON

1-1. Purpose. This manual provides guidance for planning, designing, devel-
opi ng, and managi ng dredged nmaterial for beneficial uses, incorporating eco-
| ogi cal concepts and engi neering designs with biological, economcal, and
social feasibility.

1-2. Applicability. This manual applies to all HQUSACE/ OCE el enents and al
field operating activities having Civil Wrks design responsibilities.

1-3. Background. Dredged naterial disposal provides opportunities for a num
ber of environnmental, econonic, and aesthetic beneficial uses. Innovative
beneficial uses appear to be unlimted, and over 1,300 cases of beneficia
uses of disposal sites have been documented in North Anerica al one.

a. Ten broad categories of beneficial uses have been identified, based
on their functional use of dredged material at disposal sites. They are:

(1) Habitat devel opment (wetland, upland, island, aquatic, including
m gratory and nesting use by waterbirds, shorebirds, waterfow , and ot her

groups) .
(2) Beach nourishment.
(3) Aquacul ture.
(4) Parks and recreation (comercial and noncomercial).
(5) Agriculture, forestry, and horticulture.
(6) Strip mne reclamation and solid waste managenent.
(7) Shoreline stabilization and erosion control

(8) Construction and industrial use (including port devel opment, air-
ports, urban, and residential).

(9) Material transfer (fill, dikes, |evees, parking lots, roads).
(10) Miltiple purpose.

b. Recognition of the ecol ogical value of many areas that have been
historically used as dredged material disposal sites has resulted in severe
environnental constraints on |location and placement of disposal sites, espe-
cially those in open water and wetl ands. These constraints have increased the
val ues pl aced on coastal and riparian wetlands and aquatic areas, and have
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i ncreasingly accented the need for alternate nmethods of dredged material dis-
posal . As | and uses have changed and areas once avail able for dredged nate-
rial disposal have becone scarce, the concept of beneficial use of dredged

mat eri al di sposal sites, such as |land i nprovement and habitat devel oprment,
have beconme nore attractive economically and nore environnentally acceptabl e.
Dredged material is a manageabl e, valuable soil resource, with beneficial uses
of such inportance that plans for ultinmte use of disposal sites should be

i ncorporated into project plans and goals at the project’s inception

c. The known and potential effects of dredging and dredged nateria
di sposal on the environnent in and around U. S. waterways has led to consider-
abl e research efforts and interagency and intraagency coordi nati on. Many
wat erway projects involving dredgi ng have purposes which require consideration
of ecol ogical effects. Wile maintenance of navigable channels is the prine
obj ective, the devel opment and application of beneficial alternatives for
dredged material disposal must receive appropriate consideration

1-4. Environnental Considerations.

a. Since enactrment in 1969 of the National Environmental Policy
Act (NEPA) with its requirement for environmental full disclosure (including,
in this case, a detailed accounting of disposal alternatives), pressure for
greater reliance on confined or on-land disposal of dredged material has
i ncreased significantly. At the sane tine, upland disposal sites are being
rapi dly depl eted due to urbanization, agriculture, and utilization of avail-
abl e capacity in existing sites. Concerns for inproverment and/or maintenance
of water quality and protection of aquatic nursery, spawning, fish passage and
m gration, and feeding areas have been factors in renoving open-water and
peri pheral wetlands fromthe inventory of potential disposal sites (Item 81).
It should be noted that, except in cases of contam nated material, the dredg-
i ng operation does not cause a great deal of concern with regul atory agenci es.
Al t hough neither open waters nor wetlands can be categorically disnissed from
consi derati on as di sposal options, dredgers have generally turned their atten-
tion toward uplands, transferring the disposal problemfroman aquatic to a
 and environment except in specific cases such as the | ower M ssissippi River
where 50 square niles of marsh are being | ost each year to subsidence and
erosion. There, marsh is being purposefully created by disposal in shallow
open water. Efforts to control |and use have increased and intensified due to
advanci ng urban sprawl, its attendant reduction in natural or open areas, and,
even nore recently, a heightened awareness of the soci oeconon c and environ-
ment al inpacts associated with uncontrolled devel opment. In recent years,
only in the special case of the Great Lakes where in-lake confined di sposa
facility (CDF) islands have been built, and in certain harbors where CDF' s and
i sl ands were permtted, has |and been created where an aquatic environnent
previously exi sted.

b. In this context, the legal/regulatory franmework associated with con-

trol of the entire dredging and di sposal operation nmust be consi dered.
Degradi ng water quality has caused greater enphasis to be placed on assessing

1-2
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hypot heti cal inpacts of disposal operations in open waters and wetl ands.
These concerns have led to a profusion of |legislation at the Federal, state,
and | ocal levels designed to control nearly every facet of the dredgi ng and
di sposal operation.

c. Wth the realization of the expanding and changing | egal framework,
keepi ng abreast of variations in |legislative trends and societal attitudes is
necessary to ensure conprehensive planning and devel opnent of all projects.
Federal and state roles and interactions affect inplementation of the benefi-
cial use of dredged material. Although the primary inmpact and concern of
legislation is associated with the di sposal operation, nost |aws nake no
di stinction between dredgi ng and di sposal. The state regul atory agenci es have
a mpjor role in the inplenentation of progranms designed to beneficially use
dredged material in state-controlled waters or under the jurisdiction of
approved state coastal zone nanagement prograns. As societal pressures for
the wi se use of environmental resources grow, changes in institutiona
arrangenents are likely to continue.

d. The Federal Government is a mmjor |andhol der, but is not a nmjor
| and controller. As derived fromtheir police powers, state and |ocal govern-
ments retain nost of the land use control authority. The Federal role is
founded upon the Commrerce Clause (Article I, Section 8, U. S. Constitution),
which Iimts the Police Power insofar as local, state, and private activities
adversely affect interstate comerce. This regul atory power has been defined
to include regul ation of the use and devel opment of navi gabl e bodi es of waters
and their beds in the public interest. Such power is referred to as "naviga-
tion servitude" and is vested in the Corps of Engineers (CE). This naviga-
tional servitude, and Federal grants, technical assistance, and aid prograns,
causes a predominant role in the regulatory hierarchy. Primarily, the Federa
government provides |egislative | eadership

e. Although there are nore than 30 Federal |aws and Presidential Execu-
tive Orders (ECs) applicable to beneficial use activities, documentation or
public coordination is only required when a beneficial use falls within the
specific jurisdiction of a law or EO The requirenment to denonstrate conpli -
ance in sonme cases, such as in EO 11988, is little nore than a sentence or two
in the NEPA docunent. In other instances, such as the Clean Water Act of 1977
(CWA), extensive coordination and environnmental eval uations nay be required.
Further, the environmental conpliance process for private versus CE dredging
and disposal is different. Al activities in navigable waters and wetl ands
require authorization by permt fromthe CE, while CE activities nust denon-
strate conpliance with the applicable environnental |laws. State requirenents
are independent of the Federal environnental conpliance process. However, al
state requirenments shoul d have Federal statutory reference.

f. Federal institutional constraints are mani fested through the Federa
environnental protection statutes. Sonme of the statutes provide categorica
protection for certain aninal species or prohibit any activity in a particular
area, i.e. the Endangered Species Act and cultural resource |laws. Ot her |aws

1-3
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require a step-by-step approach to denonstrate conpliance before an action may
proceed. Careful evaluation of the proposed beneficial use activity against
the requirenents of environnental protection statutes is essential to ensure
that the public does not perceive the action solely as a neans of "di sposing"
of dredged material. Appropriate actions should be undertaken to mtigate for
t hose unacceptabl e adverse environnental consequences. It is expected that
beneficial use projects will result in environnental benefits that can of fset
adver se consequences of existing projects and future projects as well

g. Laws in many states can be categorized as state zoning | aws, where
the state has taken express and direct control over |and use. The states
traditionally ceded a large portion of |land use regulation to |ocal govern-
ment, but a reversal of that tradition is occurring. Over half the states
have general |and-use prograns. Twenty-four of these programs establish state
authority to coordinate major |ocal |and-use decisions, nine take the nore
traditional approach of mandatory |ocal planning, and five are conprehensive
state, progranms involving |land-use pernits to deal directly with |and devel op-
ment. Thirty eligible states participate in the CZMA, five had special |aws
to protect their shorelines, 22 had wetl ands protection | aws, 26 regul ated
devel opnent in the floodplain, and 13 had legislation to protect defined crit-
ical areas. Item 14 surveyed a 16-state sanple of |aws inpacting on the plan-
ning and inplenmentation of dredged material containment areas. These state
laws generally fall into two major categories: those directed primarily
toward environnental protection and those directed toward | and-use control
The two categories are not nutually exclusive, and much crossover exists. The
environnental |aws are generally nore recent and broader in scope in their
enphasis on the preservation of |land, water, and other natural resources. The
| and-use control laws reflect a trend away fromlocal control and toward state
regul ation.

h. Land use plans devel oped by |ocal, regional, or state nanagenent
agenci es may necessitate coordination for beneficial use activities such as
borrow pit or land fill reclamation. Devel opnent of the beneficial use activ-
ity in conjunction with the appropriate planning agency normally satisfies the
applicable land use requirements. State regul ati on of beneficial use activi-
ties is based in the Federal statutes. Activities occurring in state waters,
to include the territorial sea, or in approved coastal zones nmay be regul ated
by the state under the provisions of the CWA or Coastal Zone Managenent
Act (CZMA). Dependi ng upon the nature and | ocation of the proposed activity,
certifications and/or consistency determ nati ons nay be required.

i. Through the provisions of the CWA and CZMA, states have the author-
ity to regul ate nost beneficial use activities. State procedural requirenments
are independent of Federal conpliance. Although the CE and npbst states have
establ i shed joint evaluation procedures, about 30 days should be added to the
conpl i ance process to accommpdate state review. States may, as a prerequisite
to the required certifications, add conditions or controls to the proposed
beneficial use activity. Such conditions or controls should be directly
related to state water quality standards or coastal zone program
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State fish and gane agencies under the authority of the Fish and Wldlife
Coordi nation Act of 1958 (FWCA) may recomend conditions to protect environ-

mental resources of concern, i.e., oyster reefs, shrinp, wetlands, or other
sensitive resources. Further, state-listed endangered species not on the
Federal list will be of concern to state fish and gane agenci es. Coordi nation

with state agencies is acconplished through the public notification process.

1-5. References. References which can provide guidance leading to this
manual are:

a. 16 U.S.C. 661, Public Law 85-624, Fish and Wl dlife Coordi nati on Act
of 1958.

b. 42 U.S.C. 4321 et seq., Public Law 91-190, National Environmental
Policy Act.

c. 33 U.S.C. 1251 et seq., Public Law 92-500, Cl ean Water Act of 1977.

d. 33 U.S.C. 1401 et seq., Public Law 92-532, Marine Protection
Research, and Sanctuaries Act of 1972.

e. 16 U.S.C. 1451, Public Law 92-583, Coastal Zone Managenent Act.

f. 33 U S.C. 426, Public Law 94-587, Water Resources Devel opment Act of

1976.

g. Executive Order 11988, May 1977, Floodplain Managenent.

h. ER 1105-2-35, Public Involvenent and Coordi nati on.

i. ER 1105-2-40, Econonic Considerations (CH 1-3).

j. ER 1105-2-50, Environmental Resources (CH 1-2).

k. ER 1110-2-400, Design of Recreation Sites, and Areas and Facilities
(CH 1).

. ER 1165-2-27, Establishment of Wetlands Areas in Connection with
Dr edgi ng.

m EM 1110-2-1902, Stability of Earth and Rock Fill Dams.

n. EM 1110-2-2300, Earth and Rock-fill Dams; General Design and
Construction Considerations.

o. EM 1110-2-5025, Dredgi ng and Dredged Material Disposal

p. EP 1165-2-1, Digest of Water Resources Policies and Authorities.
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1-6. Bibliography. Bibliographic items are indicated throughout the manual

by nunbers (item 1, 2, etc.) that correspond to simlarly nunbered itens in
Appendi x A. They are available on |l oan fromthe Technical Information Center

U S. Arny Engi neer Waterways Experinent Station, P. 0. Box 631, Vicksburg, M
39180- 0631.

1-7. Plant Material Recomendations. Appendix B contains detail ed i nfornma-
tion for propagation and planting of 359 native and cultivated upland pl ant
speci es and 105 wetl and pl ant species that can be used for beneficial use
devel opnent on dredged material and other disturbed sites.

1-8. Beneficial Use Case Studies. Over 1,300 exanples of beneficial uses of
dredged material in the United States and Canada are given by region in
Appendi x C. These indicate the extent to which dredged material is now being
used as a resource and as a val uable conmodity.

1-9. Plant and Animal Species. Conmon and scientific nanes of all plant and
ani mal species are listed in Appendi x D, by al phabetical order according to
conmon nane.

1-10. Definitions. A glossary of key environnental, dredging, and engi neer-
ing terns foll ows the appendi xes.

1-6
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CHAPTER 2

DREDGED MATERI AL AS A RESOURCE

2-1. Ceneral

a. The Dredged Material Research Program (1973-1978), the Dredging
Operations Techni cal Support Program (1978-present), and the Environmental
Ef fects of Dredgi ng Program (1982-present) have deternined the environnental
i npacts of dredged material disposal, alternatives to increase the beneficia
use of dredged material, and neans to reduce the adverse effects of both | and
and water dredged material disposal. Increased interest in dredged nateria
as a manageabl e, beneficial resource as an alternative to conventional dis-
posal practices is due to the fact that, while the anount of material dredged
each year continues to rise, increasing urbanization around waterways and
ports has nmade it difficult to |ocate new sites for containment areas. New
environnental regul ati ons have further restricted both |and and water di sposa
options. Costs of dredged material disposal have increased rapidly as dis-
posal sites are |ocated at greater distances fromthe dredging site and
environnental controls are added. By considering dredged naterial as a
resource, a dual objective can be achieved. The dredged material from needed
navi gati on projects can be di sposed of with m nimal environmental danage, and
benefits can accrue fromits use.

b. Physical, engineering, and chem cal characteristics of dredged mate-
rial proposed for beneficial use and | and enhancenent projects nust be identi-
fied. This includes exam nation of contaninants. Such information is
essential for evaluating the suitability of the material for numerous alterna-
tive uses. These characteristics nmust be determined during the initial stages
of planning since proposed uses may prove infeasible due to unsuitable mate-
rial. Chapter 2 presents discussions of the physical, engineering, and
chemical characteristics of dredged material, contam nant and water quality
consi derations, and sone of the linmitations which may be encountered with
dredged material substrates that nmay preclude alternatives. Mst dredged
material is below contam nant |evels that woul d preclude a beneficial use.

2-2. Physical and Engi neering Characteristics.

a. Physical Characteristics. A nunber of standard soil properties are
used to deternine the physical and engi neering characteristics of dredged
material (item3). Soil tests include grain-size, plasticity, and organic
content determ nations. Engineering tests include conpaction, consolidation
and shear strength. Item 4 indicates that dredged material is made up of
various types of soil that can be classified under the Unified Soil Classifi-
cation System (USCS) (item 60).

(1) Gain size. Gain size is the principal physical characteristic to
be determ ned when considering dredged material for beneficial uses, and grain
size is also the basis for nost soil classification systens. Land enhancenent
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gui delines presented in this EMfor the beneficial uses of dredged nateria

i ncl ude engi neering, environnental, and agricultural projects. For this
reason, both the USCS (item 60) and U.S. Departnent of Agriculture (USDA)
(items 6 and 38) classifications are used. The USCS net hod enphasi zes charac-
teristics of a construction material, whereas the USDA et hod enphasi zes soi
agricultural properties. The USCS nmethod is the method nost often used for
classifying dredged material, but for certain beneficial uses it may be neces-
sary to use the USDA net hod.

(2) Bulk density. Bulk density is a weight nmeasurenent by which the
entire soil volume is taken into consideration. The bul k density of dredged
material is usually low for fine-grained material, but a highly productive
agricultural |oamsoil can range from 70 to 86 pounds per cubic foot
(item 38). These low bulk densities in fine-grained dredged material can be
attributed to the sedinentation process and the anorphous nature of the clay.
Bul k density data are needed for converting water percentage by weight to
wat er content by volune for estimating the weight of a |large volume of mate-
rial. Exanples are the weight of dredged material in a disposal site or
estimating the volume of dredged material in a dunp truck, barge, or railroad
car.

(3) Plasticity. For USCS classification, the Atterburg liquid
[imt (LL) and plastic limt (PL) nust be deternmined to evaluate the plas-
ticity of fine-grained sedinent sanples. The LL is that water content above
which the material is said to be in a senmliquid state and bel ow which the
material is in a plastic state. Water content (item 68) which defines the
lower limt of the plastic state and the upper limt of the semisolid state is
termed the PL. The plasticity index (Pl), defined as the numerical difference
between the LL and the PL, is used to express the plasticity of the sedinment.
Plasticity anal yses shoul d be perforned on the separated fine-grained fraction
of dredged material sanples.

(4) Specific gravity. Values for the specific gravity of solids for
fine-grai ned sedi nents and dredged nmaterial are required for determ ning void
rati os, conducting hydroneter anal yses, and consolidation testing.

(5) Water retention and perneability. Water retention characteristics
of soil describe the energy relation of soil to water, can be used to deter-
mne the availability of water to plants, describe the noisture-storing
capacity of a soil (dredged material), and are strongly influenced by the
arrangenent of the solid conponents and the quantity of fine particles and
organic matter (Table 2-1). The potential avail able water capacity of a field

soil is defined as the anpbunt of water a crop can renove fromthe soil before
its yield is seriously affected by drought (Table 2-2). The perneability and
sorptive properties of a material express the ease with which water will nove

or pass through (Figure 2-1). Perneability is determ ned by a nunber of fac-
tors; however, size of soil pores and nagnitude of soil water retention are
nost i nmportant.

2-2
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Table 2-1

Avai | abl e WAter Capacity of Soils of Different Grain Size Range*

Avai |l abl e Water Capacity at
Saturation, Inch of Water

Grain Size Range per Inch of Soil Depth
Sand 0. 015
Loany sand 0.074
Sandy | oam 0.121
Fi ne sandy | oam 0.171
Very fine sandy | oam 0. 257
Loam 0.191
Silt | oam 0.234
Silt 0. 256
Sandy clay | oam 0. 209
Silty clay | oam 0. 204
Sandy cl ay 0. 185
Silty clay 0. 180
d ay 0. 156

* Source: item 25.

Table 2-2

Avai |l abl e WAt er Capacity Suitable for Agricultural Crops*

Avai | abl e Water Total Avail able Water
Capacity, Inch Capacity, Inches per
Water/lInch of Soil Yard of Soil Depth Recomended Pl ants
0. 05 1.8 Not suitable for nost
agricul tural crops
unl ess irrigated
>0. 05- 0. 075 >1.8-2.7 Best suited for grasses
>0. 075 >2.7 Suitable for nost agri-
cul tural crops
Source: item 25.

2-3
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102 10 1 107! 102 103 0t 08 g0 07 1078 1073
-1 1 1 1 1 1 1 1 1
CLEAN SANDS; VERY FINE SANDS; SILTS — MIX-
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Figure 2-1. Range in perneability and sorptive properties
of different soil classes (item 68)

(6) Volatile solids. Volatile solids are inportant in determ ning con-
tam nant retention within a soil or dredged material, and for the material’s
capacity for plant growth and beneficial use.

b. Physical properties of dredged nmaterial. \Wen hydraulically placed
into a disposal area, dredged slurry can have a dry solids content ranging
fromnear 0 to approximately 20 percent by weight (item33). Generally, this
val ue is about 13 percent. As the slurry flows across the disposal area, the
solid particles settle from suspension: coarse particles near the inlet
(dredge pipe), fine particles farther into the area, and finest materials in
the imediate vicinity of the outlet weir. As a di sposal operation pro-
gresses, coarse-grained dredged material nmay accunulate in a mound and dis-
pl ace the soft fine-grained dredged nmateri al

(1) During and after the disposal operation, surface water is drained
fromthe disposal area. A surface crust begins to formon fine-grained
dredged material as it desiccates. Over tinme, surface and base drai nage cause
some | owering of the ground-water table, the surface crust continues to
i ncrease in thickness, secondary conpression effects devel op, and
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consolidation occurs as the effective material wei ght above the ground-water
level is increased froma subnerged weight to a saturated weight. The dredged
mat eri al bel ow the surface crust remains very soft and weak.

(2) The water content of fine-grained dredged material in disposa
areas is generally less than 1.5 tines the LL of the material, and it is
possible that in freshwater areas the water content is about equal to the LL
The LL of dredged material is generally less than 200, with nost val ues being
bet ween 50 and 100.

c. Engineering Properties of Dredged Materi al

(1) Engineering properties are critical to determ ning the types of
beneficial uses possible. Soft, fine-grained dredged material has little
| oad- bearing capacity, and can generally be used only on sites not involving
heavy structures or intensive activities (urban, recreational, other).
EM 1110- 2-5025 contains nore detailed information concerning physical and
engi neeri ng properties.

(2) The surface crust associated with fine-grained material usually has
a very low water content (often near the shrinkage |limt) that increases
slightly with increasing depth of the crust. The crust is usually overcon-
solidated due to the increase in effective stress caused by high negative pore
pressure resulting fromevaporati on. Bel ow the surface crust, however, the
fine-grained material is extrenely soft, with water content usually show ng
little change fromthe time of deposition. Density and shear strength
i ncrease very slightly, if at all, with increasing depth. Data show that
engi neering properties are generally better near the inlet than the outlet
because the coarse-grained material settles near the dredge discharge. The
engi neering properties of the fine-grained material in the contai nment area
near the outlet are poorer and inprove very slowmy with time. In general
dredged material is soil with a high water content, that upon dewatering
exhibits soil properties with a high beneficial use potential

2-3. Chenical Characteristics.

a. CGeneral. Dredged material characteristics reflect the popul ation,
i ndustry, and |land uses of an area (item 81). The chenical constituents of
dredged material help determine the suitability of that material for a par-
ticular land use (item 11). Chenical analysis of the dredged material nust be
made to indicate potential detrimental effects on the environment in the dis-
posal area. Four potential problem areas exi st depending on the presence of
avai |l abl e chemi cal constituents in the dredged material: plant toxicity,
animal toxicity, surface water contani nation and ground-water contani nation
(items 44 and 53). Plant uptake of chemicals may al so present problens if
growm h or reproduction potential of the plant is altered or if harnful chem -
cal s are passed via the food web into hi gher organisns.
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b. Cation Exchange Capacity. The capacity of soil particulates to
adsorb nutrients which beconme avail able for plant growh is called the cation
exchange capacity (CEC). Adsorbed or sorbed nutrients are readily avail able
to higher plants and easily find their way into the soil solution. The grain
size and organic content of sedinents deternine to a | arge extent the capacity
of that material to sorb and desorb cations, anions, oil and grease, and
pesticides. Silts and clays with relatively high organic contents can sorb
and fix large anbunts of plant nutrients as well as many other constituents
(Figure 2-1). The CEC of dredged material governs the sorption of nitrogen
and potassium heavy netals, and sone pesticides. The nutrient content of
dredged material varies widely, as does that of different soils. Generally,
fine-grained dredged material contains considerably nore nutrients than
coarse-grained material and is also nore likely to contain one or nore
cont ami nant s.

c. Nitrogen. The total nitrogen content of dredged material varies
wi dely with geographic location. The nobst predom nant form of nitrogen in
i norgani c sedinments is amronium nitrogen. In organically enriched sedinents,
organi ¢ nitrogen predom nates, even though anmoni um concentrations can be very
hi gh.

d. Sulfur. Item44 indicates that sediments in a South Carolina tida
mar sh devel oped high acidity when drained and dried. These sedi ments con-
tained up to 5.5 percent total sulfur. When drained, sulfides were oxidized
to sulfate with a resultant decrease in sediment pH from6.4 to as |ow as 2.0.
This effect may be a serious problemin dredged material containing high
| evel s (usually greater than 0.1 percent) of nonvolatile sulfide, predoni-
nantly iron and manganese sulfide. This is especially true if the dredged
material is not lined or its acidity is not otherw se counteracted by appli-
cation to an al kali ne upland soil

e. Heavy Metals.

(1) A wide range of heavy netal concentrations has been reported in a
nunber of sedinments fromrivers, harbors, and bays throughout the United
States and Canada, primarily in intensely urban and highly industrialized
regi ons. Some of the mmjor sources of heavy netals include industrial and
sewage di scharges, urban and hi ghway runoff waters, and snow renoval. Wastes
fromnmetal plating industries that have found their way into sonme sedinments
contain significant amounts of copper, chrom um zinc, nickel, and cadm um
Chemical partitioning studies of sedinments have shown that these netals occupy
the | east stable of the sedinment fractions and that the sediment chem stry
donmi nates the nmobility and availability of the contami nant as well as the
i ndi genous net al s.

(2) An inportant heavy netal consideration is the solubility of
specific constituents whose concentrations are high, since soluble forns are
readily available to the biological food web. The potential of a heavy netal
to become a contani nant depends greatly on its formand availability rather
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than on its total concentration within a dredged sedi nent (item 44). Heavy
netals may be fixed in a slightly soluble formin dredged material containing
excessive sulfide. The land application of dry oxidized dredged material may
increase the solubility of heavy nmetal sulfides. However, under oxidizing
conditions, the levels of pH and heavy nmetal hydroxyl and oxi de formation
becorme the inmportant factors, and sul fur no | onger governs the solubility and
availability of heavy metals (item 25).

(3) Until Federal standards are set for sedinents, guidelines for
dredged material disposal must be taken from other research areas such as
sl udge di sposal. The USDA has been investigating the application of sewage
sludge to agricultural |ands. Recommended maximumlinmits on the netal content
of sludge are shown in Table 2-3.

Table 2-3

Recomended Maxi mum Limts for

Metal Content in Digested Sewage Sl udges*

Donesti c Sl udge

El enent Concentration, ppm
Zi nc 2,000

Copper 1, 000

Ni ckel 200

Cadm um 15 or

1. 0% of zinc

Bor on 100
Lead 1, 000
Mer cury 10
Chrom um 1, 000
Source: item?9.

* Typical sludge fromcommunities w thout excessive industrial waste
i nputs or with adequate abatenent.

In nost cases, the heavy netal contents of dredged material fall belowthe
maxi mum al | owable |imts reconmended in donestic sewage applied to land. If

hi gher concentrations of chem cal constituents are found in dredged materi al

it should not be used in a |land i nmprovenent project wi thout prior treatnent to
renmove or reduce contam nants.
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2-4. Water Quality Considerations.

a. Ecol ogical inpacts of the discharge of dredged or fill material can
be divided into two main categories: physical effects and chemi cal - bi ol ogi ca
interactive effects. Physical effects are often straightforward, and eval ua-
tion may often be made w thout |aboratory tests by exami ning both the char-

acter of the dredged or fill material proposed for discharge and the sedinments
of the disposal area. On the other hand, chenical-biological interactive
effects resulting fromthe discharge of dredged or fill material are usually

difficult to predict.

b. Natural processes in aquatic ecosystens tend to concentrate heavy
nmetal s, chlorinated hydrocarbons, pesticides, nutrients, and oil and grease
conpounds in bottom sedi ments. These contaninants are not very soluble in
wat er under the conditions that normally occur in oxygenated uncontam nated
surface waters. Therefore, introducing high concentrations of these contam
inants into aquatic ecosystenms will generally result in an equilibrium condi-
tion where nost of the contaminant will be sorbed (adsorbed and absorbed) by
suspended particulate material and then deposited on the bottom when the sus-
pended material settles. The tine necessary to achieve the equilibrium con-
dition depends upon the physicocheni cal conditions in the aquatic system and
the quantity and duration of the contaninant introduction. There has been
concern that dredgi ng and open-water disposal operations may rel ease these
trapped contami nants again, and thus have the potential to danage wetl and,
upl and, and aquatic environments. WES reports (itens 7 and 23) and ot her
literature indicate that dredgi ng operations have the potential to tenporarily
nobi lize or rel ease some contamnants fromthe sediments. During di sposa
operations, the anaerobic sedinents are mxed with aerated surface water, and
a conpl ex chemical interaction occurs. Heavy metals such as cadm um copper
chrom um | ead, and zinc, which had been stabilized in oxygen-free sedinents,
form precipitates and coagul ate in the presence of oxygen. Phosphorus and
nitrogen can be tenporarily released into the water colum, while pesticides
and oils and grease are usually not very water soluble. However, all of these
contam nants have the potential to affect a proposed beneficial use project.

c. The Environmental Protection Agency (EPA), in conjunction with the
CE, has published a conprehensive procedure manual (itens 23 and 66) that
contains sumaries and descriptions of tests, definitions, sanple collection
and preservation procedures, analytical procedures, calculations, and refer-
ences required for detailed water quality evaluations. The purpose of this is
to provide state-of-the-art guidance on the subjects of sanpling, preserva-
tion, and analysis of water and dredged and fill material. The interim guid-
ance for inplementing Section 404(b) of the Clean Water Act was published in
1976 (item 18). It has al so been published jointly by the EPA and the CE
pursuant to the Marine Protection, Research, and Sanctuaries Act of 1972,
whi ch addresses the primary intent of Section 103 of regulating and limting
adverse ecol ogi cal effects of ocean dunping.

2-8
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2-5. Contam nated Dredged Material. Over 90 percent of the total volume of
dredged material is considered acceptable for disposal at a wi de range of

di sposal alternatives. However, the presence of contamnation in sone |oca-
tions has generated concern that dredged material disposal may adversely
affect water quality and aquatic or terrestrial organisnms. Since many of the
wat erways are located in industrial and urban areas, sone sedinments may be

hi ghly contaminated with wastes fromthese sources. In addition, sedinments
may be contaminated with chemicals fromagricultural practices. The EPA

gui dance in Section 230.60 (Federal Register, Vol. 45, No. 249) should be used
to determ ne whether there is sufficient cause for concern to warrant testing
for contanminants and to identify the contam nants of concern.

2-6. Biological Limtations. Although dredged material has been generally
found to be a soil resource of great value and use, it has sone |limtations as
a beneficial product.

a. Texture and Physical Characteristics. Dredged material is conposed
predom nantly of mineral particles ranging in size fromcoarse sand to fine/
clay and can have an extremely m xed mineralogy (item 44). Dredged nateria
deposits within one disposal site can vary fromwell-ordered sand to organic
clay. In addition to soil, dredged material may contain other solids such as
rock, wood, pieces of netal, glass, and other debris. Contam nation of these
sedinents in the formof organic material, elevated concentration of heavy
nmetal s, a vast array of chlorinated hydrocarbons, oil and grease, and other
organics reflects the influences of population and industry in the area. The

actual physical texture of the material on a site may limt its use; i.e.
pure sand dredged material would not be suitable for agricultural |and appli-
cations. However, as fill material and for some di ke construction, it may be

excel l ent. Predominantly uncontam nated silt would not be well suited for
wat erbird island construction, but woul d nmake an excellent soil addition for
agriculture and forestry, and for sone habitat devel opnent sites.

b. Contam nati on.

(1) In certain areas of the United States, such as near certain indus-
tries or extensive agriculture, contamnation is an inportant factor to be
considered. If the dredged material contains contanminants, it may have to be
placed in a confined disposal site, which will probably limt its beneficia
use. Planning for beneficial use of contam nated dredged material should con-
sider the follow ng factors:

(a) Anounts and type of contanminants in the material, possibly to
i ncl ude heavy netals, fertilizers, sewer wastes, pesticides, or petrol eum
products.

(b) Maxi num acceptable levels for pollutants in water, soils, plants,
and animal s as set by the EPA
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(c) Kinds of plants and animals that will be on the site, their abil-
ities to regul ate uptake of these pollutants, and their tol erance |evels
before life efficiency is reduced, reproduction ceases, or death occurs.

(d) Chances of biomagnification via the food chain from plants, inver-
tebrates, and mcrobes to animals on the site or to humans.

(e) Inpact of contaminants on the site and surroundi ng areas.

(2) Item 46 and ot her studies have shown that plants grown in dredged
mat eri al wetl ands absorb heavy netals in varying degrees dependi ng upon the
pl ant species. These contani nants in nost cases are not generally translo-
cated into the top shoots but are retained primarily in the root systens.
Most potential danger is linmted to users of the root systenms, such as water-
fow that feed on plant tubers. However, research on plants grown in dredged
mat eri al upl and areas indicates a tendency to accunul ate heavy netals in al
pl ant parts, including stens and seeds.

(3) Many pesticides, chem cal by-products, and petrol eum products in
dredged materi al have unknown bi onagnification abilities. It is known that
some pesticides have affected reproductive abilities of birds by causing egg-
shel I thinning and behavi or nodification. Petrol eum products can snot her
smal | organisms (potential food itens). Fertilizers and sewer wastes in
dredged material alter the habitats where they accunul ate by changi ng pl ant
growm h habits and speci es conposition and by reduci ng di ssol ved oxygen | evels
in water. This affects the food supply of fish-eating aninmals. H ghly acidic
dredged material can severely limt beneficial use options unless corrected
with lime. The contaninant problem can be m ninized on nost beneficial use
sites through these management procedures:

(a) Stabilizing the areas with plant species that do not transport con-
tam nants into their top shoots.

(b) Avoiding managenent for wildlife grazing, fish nursery use, or
i ntense human use to reduce danger of a biomagnification problem

(c) Managing for animals that will not feed on the site, such as fish-
eating birds that use the site for nesting and roosting purposes only. A good
exanpl e of this is the Tol edo Harbor, Chio, disposal site in Lake Erie that is
being filled over a 20- to 30-year period with contani nated dredged materi al
Conmon terns, ring-billed gulls, and herring gulls are nesting inside the
di kes but do not feed there since they are all fish-eating species.

(4) Contam nated sites can be capped with about 2 feet of clean soil or
dredged material. This will allow use of the site for a nunber of beneficia
uses involving shallowrooted plants, i.e., nesting neadows, recreationa
sites, etc.
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c. Site Habitat Changes. Beneficial uses can frequently nmean the
repl acement of one desirable habitat with another. This will likely be a
source of sonme opposition. There are few reliable methods for conparing the
various | osses and gains associated with this habitat conversion; conse-
quently, the determ nation of relative inpact may best be made on the basis of
relative scarcity or abundance of the new habitat, environmental regulations,
or of professional opinions. An exanple would be changi ng aquatic or narine
habitat to an energent wetland or an upland site.

d. Inpacts on Surrounding Land and Aninmals. Wen dredged material is
pl aced on a site for a beneficial use, there may be a nunber of associated
i npacts. Exanples are increased runoff of nutrient-charged or contam nant-
charged effluent, increased human or other aninmal use, interference on sur-
roundi ng | and such as fromincreased bird activity at di sposal sites near
airport runways, increased recreational use in disposal sites subject to heavy
i ndustrial and shipping use, and changes in hydrol ogy from additions of
wat er - char ged dredged material to new or existing sites.
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CHAPTER 3
LOGQ STI CAL CONSI DERATI ONS

3- 1. General. Wth the huge quantities of dredged material created during
dredgi ng operations, site utilization, econonmc transport handling, and stor-

age pl ans becone critical to the overall life and use of a project. This sec-
tion will discuss procedures for dewatering, transporting, handling and
storage, and cost anal yses of these activities in determ ning beneficial use
of dredged material. It should be remenbered that dewatering is not appli-

cable for sone types of beneficial uses such as wetland and aquatic habit at
devel opnent and aquacul ture. However, dewatering is critical to nesting

i sl ands, upl and habitat devel opnent, nost kinds of recreational use, agricul-
ture, forestry, horticulture, and other types of beneficial uses.

3-2. Dewat eri ng. Dredged material is usually placed hydraulically into con-
fined disposal areas in a slurry state. Although a significant anount of

water is renoved fromit through the overflow weirs of the disposal area, the
confined fine-grained dredged material usually consolidates to a senifluid
consi stency that still contains |arge amounts of water. The vol une occupied
by the liquid portion of the dredged material greatly reduces avail able future
di sposal volunme. The extremely high water content al so may nake the dredged
materi al unsuitable or undesirable for comrercial or beneficial use. Two
dewat eri ng nmethods, fully described and discussed in items 24, 28, 29, 31, 57,
and 84, are generally used. The first nethod is allow ng evaporative forces
to dry fine-grained dredged material into a crust while gradually |owering the
internal water table. This has been the | east expensive and nost wi dely
appl i cabl e dewatering nmethod identified through dredgi ng research. Good sur-
face drai nage, which rapidly renoves precipitation and prevents pondi ng of
surface water, accel erates evaporative drying. Shrinkage forces devel oped
during drying return the material to a nore stable form and | owering of the
internal water table results in further consolidation. The second method of
promoti ng good surface drainage is by constructing drainage trenches in the

di sposal area using heavy equi pment. Use of a Riverine UWility Craft to nake
trenches proved successful on disposal sites with fine-grained material. A
site nmust be dewatered sufficiently to accept heavy equi pnment, which [imts
the second nethod in its application as long as 2 years after a disposal site
has been filled, depending upon the soil characteristics of the dredged mate-
rial. Aless frequently used nethod, rarely applied to disposal sites,

i ncludes installation of underground drainage tiles or sand layers prior to
filling the site.

3-3. Transport, Handling, and Storage. Fundamental features of transport
systens and general guidance for analysis of technical and econonic feasibil-
ity are provided in item 74. They are presented to acquaint planners with the
magni t ude and scope of the transport system and provide some cost-effective
analysis information for five transport nodes: hydraulic pipeline, rail haul
barge nmovenent, truck haul, and belt conveyor nmovement. Hydraulic pipeline
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and truck haul have been the primary transportati on nmethods used for nost

exi sting beneficial use sites. Since the transport of dredged material can be
a mpjor cost itemin determ ning the econonmic feasibility of a project, the
transport system should be evaluated early in the site selection stage, of the
pl anni ng process. Legal, political, sociological, environnental, physical
techni cal, and econom c aspects should be examined in relation to availability
of transport routes, A sequence of five steps nust be foll owed when sel ecting
a transport route:

St ep | nf ormati on Source
1. ldentify available routes Maps, ground reconnai ssance
2. Cassify nature (wet/dry) Beneficial use needs and sources
of dredged materi al of dredged materia
3. Determine annual vol une of Dredged material sources

dredged material and dura-
tion of project

4. Estimte cost of avail able Item 74
transport nodes

5. ldentify and eval uate tech- Item 74
ni cal, environnmental, |egal, Speci fic sources: local, state,
and institutional requirenents and Federal agency regul ations

a. El ements of Transport Systens. Transport systems involve three
maj or operations: |oading, transporting, and unl oadi ng. The | oadi ng and
unl oadi ng activities are situation dependent and are the major cost items for
short distance transport. The hydraulic pipeline is the only node which
requires a unique rehandling activity; all other transport nodes nmay inter-
change | oadi ng and unl oadi ng operations to suit the specific site needs.
Loadi ng, unl oading, and transporting operations can be separated into detail ed
conponents (i.e., backhoes, service roads, rail spurs, cranes, conveyors,
etc.) and each conponent exam ned for capacity, operational schedule and
cycle, and costs of equi pnent and operati on and nmai nt enance.

b. Transport Mbdes.

(1) Hydraulic pipeline. The hydraulic pipeline is the only transport
system recomended for novenent of dredged material in slurry form Assum ng
government construction of the disposal site, contractor operations of the
dredgi ng work, and no easement costs, this system can be econonically conpeti-
tive for distances up to several mles. The conditioning step requires a
rehandl i ng dredge and fluidizing system Control of density and flow to
m ni m ze operational problenms is an essential conditioning process unique to
t he hydraulic pipeline node. Suggested criteria to be used in selecting a
rehandling (or secondary) dredge for operation within a contai nment area
i nclude: unit cost of dredging; ease of transportation; mnimum downti ne;
smal |l size to allow maneuverability in a small basin; capability to dredge in
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shal | ow water to ninimze di ke height; and maxi mumcutter width to reduce the
nunber of passes. Numerous dredges fitting these criteria are on the market.
Sone have additional features, such as cutterheads capable of follow ng
natural contours of the basin bottomw thout danmage to natural or man-nade
seal s, wheel attachnents for the cutterhead to all ow dredging operations in
pl astic or rubber-lined basins, and capability of dredging forward and back-
ward. The fluidizing systemis needed to supply water fromthe cl osest source
to maintain flotation of the dredge. Unloading facilities are unnecessary
since the dredged material slurry is usually punped out of the pipeline into a
contai nnent area. A schematic of rehandling operations for hydraulic pipeline
transport is presented in Figure 3-1. The pipeline to the |and inprovenent
site would include a pneumatic or centrifugal hydraulic punp booster system
and woul d be automated to the maxi mum extent possible.. The following itens
shoul d be taken into consideration in any planning for pipeline transport:

(a) Slurry nmovenent of saline dredged material to a freshwater environ-
ment i s not recommended.

(b) Dewatering requirenments before a beneficial use application may be
a cost burden and may require treatment of decanted water.

(c) Building codes, easement acquisition, utility relocation, climato-
| ogi cal factors, and urban area disruption fromconstruction may be obstacl es.

(d) Confining dikes nmust be provided and could be a significant cost
item

(e) Right-of-way acquisition
(f) Federal, state, and |l ocal regulations and requirenents.

Real estate and right-of-way/A easenents are very site-specific itenms of politi-
cal as well as econonic concern. These itenms can inpact greatly on the cost

of hydraulic pipeline systemand therefore should be given due consideration
in any cost-benefit analysis and in the final cost evaluation. Cost guide-
lines do not take into account expenses due to the uni queness of each
situation.

(2) Rail haul. Rail haul using the unit train concept is technically
feasi bl e and economically conmpetitive with other transport nodes for hauling
dredged material distances of 50 to 300 miles. A wunit train is one reserved
to carry one commpdity (dredged material) fromspecific points on a tightly
regul ated schedule. Facilities are required for rapid | oadi ng and unl oadi ng
to make the unit train concept work and to enable benefits fromreduced rates
on |l arge volumes of bul k novenent. Bottom dunp cars or rotary car dunpers are
needed to neet the rapid | oading and unl oadi ng requirenment. Econom c feasi -
bility demands the utilization of existing railroad tracks; however, the
buil di ng of short internediate spurs may be required to reach disposal areas.

3-3
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HYDORAULIC PIPELINE
_ TRANSPORT TO
REMOTE SITE

REHANDLING DREDGE
FLUIDIZING SYSTEMS - /
INFLOW

CONTAINMENT AREA
FOR PROCESSING

Figure 3-1. Schematic of rehandling systemfor hydraulic pipeline

Figure 3-2. Tugboat and barge transporting dredged materia
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The followi ng itens should be taken into consideration in any planning for
rail haul transport to a beneficial use site:

(a) Dredged material nust be dry enough to free-fall fromcars.
(b) Scheduling and length of unit trains are often strictly regul ated.
(c) State regulations may require open hopper cars to be covered.

(d) Dual use of hopper cars may require washing of cars between use and
treatment of wash water to prevent contam nant transfer

(3) Barge novenent. Dependi ng upon the volunme of material to be noved,
barge nmovenent can be an economically conpetitive transport node for the nove-
ment of dredged material up to 300 nmiles. Barge haul was used in the Sacra-
mento District to renbve 7 million cubic yards (yd®) of dredged material from
Grand Isle (Figure 3-2). To ensure reasonable costs, a barge unit should con-
sist of familiar and avail abl e equi pment. In addition, |oading and unl oadi ng
noori ng docks capabl e of accommodating the two cargo scows simultaneously mnust
exi st with roadways between the docks and di sposal areas to make barge trans-
port practical. The following items should also be taken into consideration

(a) Thorough information must be obtai ned about the waterway: naviga-
tion depth, allowable speed, |lock size, traffic density and patterns, etc.

(b) Oten, regulations exist concerning cleanup responsibilities with
associ ated fines for spills in inland waters.

(c) dimtic conditions may affect operational schedul es.
(d) A user charge for waterways may becone a reality in the future.

(4) Truck haul. Truck haul of dredged material can be economically
conpetitive for distances up to 50 mles. At greater distances, transport by
truck is labor- and fuel-intensive and not econonically justifiable. The sim
plicity of |oading and unloading requirements and the rel ative abundance of
avai | abl e roadways make truck hauling technically the npst attractive trans-
port node, and it has wide District application (Figure 3-3). Costs anal yses
are based on utilizing 25-ton dunp trucks with 8.5-yd® capacities and assune
that routes exist which are adequately upgraded and mai ntai ned. Econom c
feasibility of truck hauling is based on rates established by negotiation with
trucki ng conpani es and include all associated driver and fuel costs. The
following items should al so be taken into consideration:

(a) State highway and safety regul ati ons cover a variety of elenments
(gross weights of trucks, weight per axle, etc.).

(b) Enmi ssion and noi se standards.
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Figure 3-3. Truck haul utilized by the Chicago District

Figure 3-4. A 36-inch belt conveyer |oading operation
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(c) Local ordinances designating truck routes.

(d) Traffic control of truck operations during winter nonths in
northern climtes.

(e) Weight linmts on bridges and roadways.

(5) Belt conveyor novenent. Belt conveyor systens are enployed on a
l[imted basis to transport relatively dry dredged material for short dis-
tances. They are technically feasible and cost conpetitive. Belt specifica-
tions vary in width (30 to 70 inches), flight Iength (900 to 2,600 feet), and
speed (7 to 90 miles per hour). Systems can be designed to suit project needs
excluding certain terrain difficulties. Because of systemflexibility, belt
conveyors fit neatly into many | oadi ng and unl oadi ng operations. The Califor-
ni a Hi ghway Departnent, under an agreement with the Sacranento District, uses
dozers and conveyors to | oad dredged material onto barges (Figure 3-4). The
following itenms should be taken into consideration in any planning for belt
conveyor transport:

(a) Building codes, easement acquisition, utility relocation, climato-
| ogi cal factors, and urban area disruption for construction nay be obstacles.

(b) Material pileup due to systemfailure.

(c) Malfunctions of sequential belt systens resulting in entire system
st oppage.

C. Loadi ng and Unl oadi ng El ements. Loadi ng and unl oadi ng el enents may
i ncur high costs which can restrict project viability. Item 74 presents
several exanples of |oading and unl oadi ng opti ons and schematics of scenarios
associated with various dry material transport nodes; two exanples are shown
in Figures 3-5 and 3-6. Two other exanples include a pair of backhoe exca-
vators and a series of conveyor belts providing rapid | oading of unit trains,
and a barge haul schenme using backhoes for excavation and |oading directly
into dunp trucks which nake the intermediate haul to the scows. In this EM
cost conparisons are based on the | oading and unl oadi ng conponent scenari os
presented in Item 74. The truck haul |oading el ement conponents are simlar
to the rail |oading conponents which include excavati on backhoes and a series
of belt conveyors. The unl oading systemis sinple back-dunping at the benefi -
cial use site. Placenent nethods are inportant, and are di scussed in Chapter
5 and ot her chapters where critical elevations are needed for beneficial use
applications.

3-4. Cost Anal ysis for Dewatering and Transport.

a. Dewat eri ng Costs. Costs associated with dewatering of dredged con-
tai nment areas are directly related to the degree of trenching effort required
and the type of heavy equi pment necessary to acconplish dewatering. Thus, the
program costs for progressive trenching are highly site-specific depending
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upon di sposal area size, equipnment selected, type of access avail able, and
frequency of trenching operations. A prelimnary trenching programis devel -
oped fromcrust formation estimtes, equi pment operational characteristics
(from Table 3-1), and trenching cycle intervals (from Table 3-2). Total cost
may be estimated from conmputing equi pment operating hours plus factors for
nonproductive activities (30 percent is a good estimate), nobilization/
denobi |l i zati on, and administrative costs.

b. Transport costs. Transport cost can account for 90 percent or nore
of total land inprovenment and beneficial use budget costs. The cost figures
presented in this section are neant to serve as exanples for planning and do
not represent definitive cost estimates. Table 3-3 is included to provide
insight into the cost relationships for various nodes of transport. The table
provides total systemcosts for all five transport nodes. Transport costs are
reported in dollars per cubic yard of dredged material noved. This breakdown
shows that economic feasibility is [imted by distance for npost transport
nodes. This table al so shows the econom es of scale for |arger annual vol unes
of material shipped. Real estate and right-of-way costs for the hydraulic
pi peline systemare not included in the cost-estinmating procedure.
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Table 3-1
Operational Characteristics of Trenching Equi prent
Crust Thickness, Approximate Approximate
in., for Effec- Trenching Rental
tive Operation Maximum Trench  Rate, lin Cost¥*
Equipment Minimum Maximum Depth, in. ft/hour $/hour
RUC 0 12 18 2,000+ 75-100
Low-ground-pressure 4 24 24 2,000+ 35-45
tracked vehicle )
+ rotary trenchers
Small dredge 4 10 30 25 50-75
Amphibious dragline 6 18%*  Crust + 18 40 50-70
Small dragline on 12 18 Crust + 18 30 35-50
double mats
Medium dragline on 12 18 Crust + 18 40 40-50
double mats
Small dragline on 18 2% Crust + 18-24 50 35-45
single mats
Medium dragline on 18 30" crust + 18-24 60 40-50
single mats
Large dragline on 24 36 Crust + 24 80 45-55

single mats

Note: a. Vehicle or mat ground pressure nmust also satisfy critical layer RC
mobility criteria.
b. Low ground-pressure tracked vehicle assumed to pull drag plow with
point set only 1 or 2 in. bel ow existing crust.
c. More exact definitions of dragline equiprment given in text.
* Southeastern United States, 1977.
**  Above this crust thickness, conventional dragline is usually nore
efficient.
+ Between 24- and 30-in, crust thickness, use single mats.
Increase rates 10 lin ft/hour if dragline is working from perineter
di ke.
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Estimated | nterval

Table 3-2

Bet ween Trenching Cycles for Various Equi pnent

ltens in Fine-Gained Dredged Materi al

Equipment Item

Equipment
Location in
Disposal Area

Initial
Condition of
Disposal Area

Surface

Estimated Trenching
Interval

RUC

RUC

Low-ground-
pressure
tracked vehicle
+ rotary
trencher

Small dredge
Amphibious
dragline

Conventional
dragline

Conventional
dragline

Conventional
dragline

Conventional
dragline

Interior

Interior

Interior

Interior

Interior

Interior

Perimeter

Perimeter

Perimeter

Decant point

Crust

Crust

4 1in.

2 2 in.

> 4 in.

< crust

— 10 in.

Crust

Crust

2 6 in.

> 12 in.

Decant point

2 in.
< b6

Crust

< crust
in.

2 6 in.

Each 2 weeks for first
month, monthly
thereafter

Monthly

Monthly

4 months

4 months

4 months

Monthly for first
3 months, bimonthly
for next 3 months,
4 months thereafter

Bimonthly for first
4 months, 4 months

thereafter

4 months
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Annual
Quant%ty
—yd

500,000

1,000,000

3,000,000

5,000,000

Cost, $[yd3, for Cited Transport System

Quantities,
Transport
Distance
miles Pipeline
10 2.47
20 3.14
100 9.54
250 *
10 1.46
20 1.91
100 6.45
250 *
10 0.79
20 1.12
100 4.10
250 *
10 0.67
20 0.90
100 3.48
250 *

Rail

*

*

7.18
9.32

5.39
7.58

4,21
5.34

4.04
6.06

Barge

2,47
3.14
4,71
7.41
2.92
3.14
4,49
7.18
2.70
2.92
4,49
7.35
2.81
2.92
4.38
7.07

Belt

8.98
15.15

*

*

5.39
13,47

2.25
3.93

1.68
3.14
13.58

4,57
6.61
13.69
*
3.73
4,19
12.91
*
3.17
3.56
12.35
*
3.05
3.42

12,07
*

* | ndicates not conpetitive econonically.
** These costs were taken fromitem 57 and are adjusted to March 1978

dol | ars.
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CHAPTER 4
HABI TAT DEVELOPMENT
4-1. Definition and Application. Habitat devel opment refers to the estab-

i shment and nanagenment of relatively permanent and bi ol ogi cally productive
pl ant and ani nal habitats. The use of dredged material for habitat devel op-
ment offers a disposal technique that is an attractive and feasible alterna-
tive to nmore conventional disposal options. Various habitat devel opnent
alternatives and their applicability to disposal operations and sites will be
di scussed in this section. Wthin any habitat, several distinct biologica
conmuni ti es may occur. For exanple, the devel opnment of a dredged materia
island may involve a wide variety of habitats (Figure 4-1). Four genera
habitats are suitable for establishment on dredged materi al

MEAN WATER LEVEL

L | 1 1 1 1 | L J J
AQUATIC HABITAT MARSH GRASSES  SHRUBS TREES SHRUBS GRASSES MARSH AQUATIC HABITAT

L J
UPLAND HABITAT

ISLAND HABITAT

Figure 4-1. Hypothetical site illustrating the diversity of
habi tat types that may be devel oped at a disposal site

a. Wetl and. Wetland habitat is a very broad category of periodically
i nundat ed comunities, characterized by vegetation which survives in wet
soils. These are nost commonly tidal freshwater and saltwater marshes, rela-
tively permanently inundated freshwater nmarshes, bottom and hardwoods, fresh-
wat er swanps, and freshwater riverine and | ake habitats.
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b. Upl and. Upl and habitat includes a very broad category of terres-
trial comunities, characterized by vegetation which is not normally subject
to inundation. Types may range from bare ground to mature forest.

C. Aquatic. Aquatic habitats are typical subnmerged habitats extending
from near sea, river, or |lake level down several feet. Exanples are tida
flats, oyster beds, seagrass neadows, fishing reefs, clamflats, and fresh-
wat er aquatic plant beds.

d. I sland. Islands are upland and/or high zone wetland habitats
di stingui shed by their isolation and particul ar uses, and conpletely sur-
rounded by water or wetl ands.

These concepts and their inplenentation are discussed in detail in itenms 19,
32, 51, and 72 and in Chapters 5-8 of item 73

4-2. Case Studies of Selected Habitat Devel opment Sites. Nunerous exanples
of habitat devel opment using dredged material substrates exist; nearly 1,000
are listed in Appendix C and four are presented here to show the diversity of
such sites.

a. Butterm | k Sound Salt Marsh.

(1) Butterm |k Sound, a 5-acre intertidal island marsh |ocated in the
Al tamaha River, Georgia, was created by plantings during 1975-76 on a sandy,
infertile dredged material island which had not revegetated since deposition
of material a number of years ago. Success of the original plantings was
related to the period of tidal inundation and type of propagule. Sprigs were
nore successful than seeds, and snooth cordgrass was the npbst successfu
species planted (item 19).

(2) Fromthe outset, this marsh site has been very successful (Fig-
ure 4-2). Since 1979 it has been visually indistinguishable from natura
reference marshes. Although tidal scouring initially washed out plantings and
eroded the lower part of the intertidal zone, the site quickly stabilized.
The established plant community has trapped | arge amounts of fine material
resulting in a thick layer of silt that now covers the original substrate.
Smoot h cordgrass dominates the entire |lower two-thirds of the intertidal zone.
Swards of big cordgrass and sal t mreadow cordgrass remain at the niddle el eva-
tions where they had been planted. The Butterm |k Sound site differs from
near by natural marshes by possessing greater plant species diversity at |ower
el evations. This is probably due to plant species that were introduced in
zones | ower than those at which they would naturally occur. Aboveground bi o-
mass is simlar to natural marshes, but bel owground biomass is less. Wldlife
use of the marsh is greater than in the natural marshes in all respects,
including white-tailed deer, alligators, clapper rails, tern nesting, and
m gratory shorebird and waterbird use (item 59).
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Figure 4-2. Butternilk Sound habitat devel opnent field site,
Al tamaha River, Georgia, after 6 years of devel opnent

Figure 4-3. Salt Pond 3 habitat devel opnent field
site, South San Francisco Bay, California, after
5 years of devel opnent
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(3) In 1985, the Butterm |k Sound site continues to represent one of
t he nost successful marshes built by the CE. It appears to be very stable and
the marsh area, especially in the upper marsh zone, continues to increase
coverage and density to the extent that only one bare sandy spot renmains on
the entire island. This spot was not shaved down fromthe original elevation
to an intertidal zone, and therefore has been very slow to vegetate.

b. Salt Pond 3 Salt Marsh

(1) salt Pond 3, a marsh site is South San Francisco Bay, California,
was established on a portion of a 100 acre saltwater evaporation pond that was
partially filled hydraulically with clayey dredged material in 1974. It is
the only noni sl and habitat devel opment site that has been built by the CE
Pl antings of Pacific cordgrass and pickl eweeds were established during
1976-77. Cordgrass sprigs successfully colonized the |ower two thirds of the
intertidal zone, and pickl eweeds rapidly and naturally col oni zed t he upper
one-third (item59) (Figure 4-3).

(2) The plantings naintai ned thensel ves and have spread slowy into
adj acent unvegetated areas. Production is sonmewhat |ess than in nearby
natural marshes, perhaps due to the relatively early stage of site succession
The | ower cordgrass zone appears visually equivalent to natural marshes, and
the entire 100 acres with the exception of an occasional small nudflat and the
tidal channel have become densely vegetated (item 59).

(3) WIidlife use is predom nantly by birds, especially shorebirds which
feed al ong the channel, and terns and other waterbirds. Peregrine falcons and
other raptors frequent the area and feed on songbirds and rodents in the upper
mar sh zone. This site appears to be stable and has survived the excessive
rainfall and severe storms that pounded the west coast in 1983 wi t hout
apparent damage. The rainfall actually seenmed to inprove appearance of the
marsh by increasing growth in the upper marsh zone.

C. Gaillard Island Confined Di sposal Facility.

(1) Gaillard Island, a new diked disposal island in | ower Mobile Bay,
Al abama, was built in 1981 by the Mbile District (Figure 4-4). The |arge,
triangul ar-shaped island is being filled with material fromthe main shipping
channel, and its gently sloped dike is primarily silty clay. Waves cone into
the island dike fromall three sides, and erosion is a continuing problem In
1981, snooth cordgrass was planted on the northwest di ke behind tenporary
breakwat ers made of floating and fixed tire breakwaters. Surviving plantings
from 1981 grew and spread behind the breakwater, and nore plants were set in
1982 with nore breakwater designs and tests. Many of these were thriving in
1983 in spite of severe storms in the area over 1982-83 (item 2). Plantings
in 1983 and 1984 were primarily coupled with tests of several filter materials
and tire configurations, as well as burlap rolls, different size propagul es,
and various placenents in the intertidal zone.
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Figure 4-4. Gaillard |sland habitat devel opnent
field site, Lower Mbobile Bay, Al abama, after
3 years of devel opnent

Fi gure 4-5. Bolivar Peninsula habitat devel op-
ment field site, Galveston Bay, Texas, after
6 years of devel opnent
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(2) On the upland portion of the dike, aerially seeded Bernuda grass
now domi nates, and it has effectively stabilized |arge portions of the dike.
Diversity of invading plant species is increasing, and this col onization
process is expected to accelerate over time. Plant succession is already pro-
gressing, as areas that were weedy annuals in 1982 are now perenni al grasses.
Speci es diversity and popul ati ons of both plants and aninmals increase with
each seasonal data collection period; these have been documented since 1981
and will continue to be noted, at |east through 1987 (item 2)

(3) Twenty bird species are now nesting on the island; in 1984, 1985,
and 1986 the birds nunbered approxi mately 16, 000 each year. Laughing gulls
donmi nated the nesting areas; however, |arge nunbers of seven tern speci es,
bl ack- necked stilts, and black skinmers nested with apparent success. Misk-
rats colonized the island in |ate 1985; land birds nested there for the first
time in 1984. Brown pelicans are nesting on Gaillard Island, and 1983 marked
the first recorded nesting for the species in Alabama in this century. In
1983, two chicks fledged froma single successful nest. In the 1984 sunmer
survey, nests had increased to eight; 133 active nests were observed in 1985.
In 1986, there were over 200 active nests by May, with nore being built. In
addition, l|arge nunmbers of nonbreeding white and brown pelicans are living
year-round at Gaillard Island (item 42).

d. Bol i var Peni nsul a Upl and and Marsh Site.

(1) The Bolivar Peninsula field site is |located on Goat Island in
eastern Gal veston Bay, Texas, and includes both marsh and upl and pl anted
areas. The original site is 20 acres of sandy dredged naterial, protected by
a sandbag di ke and a fence. It was built by the CE and planted in 1976-77.
Both smooth and sal t mreadow cor dgrasses established well on this site
(Figure 4-5). In the upland area, shrubs, trees, and upland grasses initially
established well, but invasion by other species eventually crowded t hem out
(item?2). Since initial establishnment, snmooth cordgrass has spread throughout
the I ower tidal zone and domi nates the site. The sal t neadow cordgrass has
spread throughout the upper intertidal zone, and has al so spread into the
upl and section of the site. Saltgrass and pickl emeeds have invaded the sane
zone (item 2)

(2) Oysters had densely col oni zed the di ke area by 1982 and now hel p
serve as a breakwater for the marsh. The site has al so been heavily col oni zed
by fiddl er and bl ue crabs and has nuch fish use during high tide. Wldlife
use is quite good; |arge nunbers of sea and wading birds use the site. Small
manmal s |ive inside the fence that was once built to exclude them and a num
ber of ground nesting birds use the site. By 1983, conversion of the upland
zone fromprairie grasses and woody plants to high marsh plants was conpl ete.
Cover on the site is dense, and unless it becones heavily grazed by ranging
feral goats on the island, should remain in that condition (item59). C apper
rail use is also quite heavy (item 42).
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(3) Four adjacent dredged material sites are now being conpared on Goat
Island: the old site planted in 1976-77; a new deposit (1982) to the west of
the old site being planted to test two breakwater designs built of | ow cost
materials; a second new deposit (1982) on the east side of the old site that
is serving as a control; and a part of the old site that was covered with a
new application of sandy dredged material in January 1986. Part of the
original planting was deliberately covered with dredged material to determ ne
the inpacts of snothering, and to determine how rapidly a salt marsh coul d

recover from such disturbance. It will also be conpared to a site in East
Mat agar da Bay where silty dredged material was placed in August 1986 over
exi sting high marsh. Data will be collected on these four areas at | east

t hrough 1987 (item 42).

(4) The Bolivar Peninsula site survived a direct hit by two hurricanes
in 1983 and 1986. The only noticeabl e change was the washi ng away of the
protective fence in the bay in front of the site. Al of the natural marshes
with which it was conpared were changed by washouts of pockets of marsh that
created open-water pockets. These types of washouts did not occur on the
field site (item 42).

4- 3. Habi t at Devel opment Sel ection Process. The diversity of biological com
nmuni ties indicates the potential diversity of alternatives avail abl e under
habi t at devel opnent. This wi de range of options will usually make using

gquantitative nmeasures for selecting specific alternatives inpractical, and
consequently, selecting a given habitat devel opment alternative is likely to
be highly judgnental. The best determination will be nmade by a conbination of
| ocal biological and engi neering expertise and public opinion. Guidelines for
t he eval uation of individual habitat devel opnment situations are sunmarized
bel ow

a. Condi tions Favoring Habitat Devel opnent.

(1) The selection of habitat devel opnent as a disposal alternative will
be conpetitive with other disposal options and types of beneficial uses when
one or nore of the follow ng conditions exists:

(a) Public/agency opinion strongly opposes other alternatives.

(b) Recogni zed habitat needs exist.

(c) Enhancenment measures on existing disposal sites are identified.

(d) Feasibility has been denonstrated | ocally.

(e) Stability of dredged material deposits is desired.

(f) Habitat devel opment is econonically feasible.

(g) Extensive quantities of dredged naterial are avail able.
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Si nce disposal alternatives are often severely linmted and constrai ned by
public opinion and/or agency regul ations, with constraints on open-water and
ot her sites, disposal habitat devel opnment will be an attractive alternative,
and in nmany cases will have strong public appeal. The need for restoration or
mtigation or the need for additional habitat may strongly influence the

sel ection of the habitat devel opnent alternative. This is particularly appli-
cable in areas where sinmlar habitat of considerable value or of public con-
cern has been | ost through natural processes or construction activities, such
as at Pointe Mouuillee in Lake Erie. Habitat devel opnent may be used as an
enhancenent neasure to inprove the acceptance of a disposal technique. For
exanpl e, seagrass may be planted on submerged dredged material, or wildlife
food plant established on upland confined disposal sites. Habitat devel opnent
has consi derable potential as a | owcost mtigation procedure and may be used
to offset environnmental inpacts incurred in disposal

(2) The concept of habitat devel opment is nore apt to be viewed as a
feasible alternative if it has been successfully denonstrated |locally. Even
the existence of a pilot-scale project in a given locale will offset the
uncertainties often present in the public and in resource agenci es’ perception
of an experinental or unproven technique. The vegetation cover provided by
nost undi ked habitat alternatives will generally stabilize dredged materia
and prevent its return to the waterway. |In many instances this aspect wll
reduce the amount of future maintenance dredgi ng necessary at a given site and
result in a positive environnental and econom c inpact.

(3) The econonic feasibility of habitat devel opnent should be consid-
ered in the context of long-termbenefits. Biologically productive habitats
have varied but unquestionable value (i.e., sport and commercial fisheries)
and are relatively permanent features. Consequently, habitat devel opment may
be considered a disposal option with | ong-term econon c benefits that can be
appl i ed agai nst additional costs that may be incurred in its inplenmentation
Habi t at devel opnent may be particularly economically conpetitive in situations
where it is possible to take advantage of natural conditions or where mnor
nodi fications to existing nethods woul d produce desirabl e biological conmuni-
ties. For exanple, the existence of a | owenergy, shallowwater site adjacent
to an area to be dredged may provide an ideal marsh devel opnent site and
requi re al nost no expenditure beyond that associated with open-water disposal
Actual dollar values assigned to habitat devel opment has been a controversia
topi ¢ of discussion anong scientists for a nunber of years. Al agree that it
has to be done, and that such sites are highly val uabl e; none agree on val ua-
tion estinates.

b. Gui del i nes. Habitat devel opment presents several options ranging
from establishnent of upland communities to the devel opment of seagrass
meadows. A broad procedural guide to the selection of the habitat devel opnent
alternative is given in Figure 4-6. The beneficial use planner should ignore
categories unrelated to the particular problem and may wi sh to add key site
speci fications.
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(1) Prelimnary assessment. The initial consideration of habitat
devel opnent as a disposal alternative should include a prelimnary assessnent
of feasibility, which involves judgnment based on avail able data. A determ na-
tion that habitat developnment is not initially feasible should be based on
conpel I i ng negative evidence and not nerely on a lack of information or spe-
cific precedents. In the absence of such negative evidence, one should pro-
ceed to the detailed evaluation of feasibility. Factors may arise at severa
stages in the evaluation that would lead to a determi nation of infeasibility.
Shoul d that occur, other disposal alternatives would be reconsidered.

(a) The detailed evaluation of feasibility includes six major cate-
gories beginning with a characterization of the dredged material and arranged
generally in the order of need for acquisition of information. |In character-

i zing the dredged material, the physical, chem cal, and engi neering character-
istics of the material to be dredged should be determ ned. These properties
will help define the general considerations of site selection.

(b) Site selection should be based on an adequate know edge of energy
conditions, foundation characteristics, salinity, tidal influences, and bottom
t opography. Energy conditions will largely influence the feasibility of
establishing a stable substrate, or the necessity of protection structures.
Foundati on characteristics will determne the ability of a given site to sup-
port construction activities or structures. Salinity and tidal influences
will dictate the plant species conposition. A nore detailed analysis of these
factors will be necessary later for detail ed design purposes if the habitat
devel opnent alternative is selected, but even in this early phase, sonme field
sampling nmay be necessary if general information is not avail able.

(c) Engineering considerations at this stage are largely confined to
prelimnary designs and an assessnent of equi pment needs and availability.
Details such as scheduling to neet critical environmental dates (e.g., spring
or sumrer planting times) and the identification of dredged material transport
di stances will provide useful planning data. In many projects, the pivota
determ nati on of engineering feasibility or infeasibility can be nade at this
st age.

(d) Evaluation of the cost of alternative disposal nmethods is the next
essential step. In a nunber of CE Districts, this is the first step in
assessment. Detail ed econom c anal yses must await the further devel opment of
design criteria;, however, a general cost conparison of the various alternative
sites should be possible at the conpletion of the prelimnary assessment of
feasibility. This is another critical step because considerable tine and
effort can be spared by defining the econonmic limts that the project nust
satisfy to remain conpetitive with other alternatives.

(e) O the sociopolitical considerations, public attitudes and | ega
and institutional constraints are nost likely to prove liniting. Negative
public attitudes generally occur when the community views the proposed habit at
as a threat to established values. Legal and institutional constraints
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frequently arise when there are unanswered questions of ownership and access
or when |local interests have designated the site for an alternative future
use. Direct economic inpacts may be identified if the habitat to be devel oped
may alter inportant shellfishing or recreational areas or block a water view

(f) The environnental inpact of nost habitat devel opnent projects may
be expressed as a | oss of open-water habitat or wetland systens and changes in
hydraul ic and energy regi mes. The inpacts of these factors tend to be cumul a-
tive and are directly related to the perceived need for additional habitat.
In general, the need for nore habitat is considered nore critical in areas
that have lost or are | osing considerable habitat of that type. Poll utant
nobi |l i zation by plants growi ng on contam nated dredged material might be of
concern, and its potential should be determined prior to habitat devel opnent.

(2) Selection of habitat devel opment as an alternative. Upon conple-
tion of the prelininary assessnent of feasibility, a determ nation can be nade
whet her habitat devel opment is applicable. If habitat devel opment is a
sel ected alternative, a decision regarding the type or types of habitats to be
devel oped nust be made. This decision will be largely judgnmental, but in
general, site peculiarities will not present nore than one or two | ogica
options. Specific advantages and di sadvantages likely to be encountered are
eval uated, and itemnms of particular concern during early feasibility determ na-
tions are highlighted in Chapters 5, 6, 7, and 8.



EM 1110- 2- 5026

30 Jun 87
CHAPTER 5
VETLAND HABI TATS
5- 1. Mar shes. Marshes are considered to be any community of grasses or herbs

t hat experience periodic or permanent inundation. Typically, these are inter-
tidal freshwater or saltwater narshes and periodically inundated freshwater
mar shes. Marshes are recogni zed as extrenely val uabl e natural systems and are
accorded inportance in food and detrital production, fish and wildlife cover
nutrient cycling, erosion control, floodwater retention, ground-water
recharge, and aesthetics. Marsh values are highly site-specific and nust be
examined in terns of such variables as species conposition, |ocation, and
extent, which in turn influence their inpact upon a given ecosystem

5-2. Marsh Devel opnment Consi derations. Accurate techni ques have been devel -
oped to estimate costs and to design, construct, and maintain nan-nmade marsh
systens (itenms 2, 19, 42, and 59). Methods are available to predict the

i mpact of the alternatives on the environment and to describe the value of the
proposed resource prior to its selection.

a. Advant ages. Several advantages have been found in marsh devel opnent
as a disposal alternative:

(1) Considerable public appeal

(2) Creation of desirable biological conmunities.

(3) Considerable potential for enhancenent or mtigation
(4) Frequently a | ow cost option.

(5) Useful for erosion control.

Mar sh devel opnent is a disposal alternative that can generate strong public
appeal and has the potential of gaining wi de acceptance when sonme ot her tech-
ni ques cannot. The created habitat has biol ogical values that are readily
identified and accepted by many in the acadenm c, governnmental, and private
sectors. However, application requires an understandi ng of |ocal needs and
perceptions and the effective linmts of the value of these ecosystens. The
potential of this alternative to replace or inprove marsh habitats | ost

t hrough dredged material disposal or other activities is frequently over-

| ooked. Marsh devel opnent techniques are sufficiently advanced to design and
construct productive systems with a high degree of confidence, even in noder-
ate wave energy environnents. For exanple, salt marshes have been established
at Bolivar Peninsula, Texas, and Gaillard |sland, Al abama, behind tenporary
breakwaters in noderate energy areas. These habitats can often be devel oped
with very little increase in cost above normal project operation, a fact
attested to by hundreds of marshes that have been inadvertently established on
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dredged material and by the nore than 130 marshes that have been purposely
created using dredged material substrates in U S. waterways.

b. Di sadvant ages. Several problens are likely to be encountered in
mar sh devel opnent :

(1) Unavailability of appropriate sites.
(2) Loss of other habitats.
(3) Release of contam nants.
(4) Loss of site for subsequent disposal

By far the nost difficult aspect of the application of narsh devel opnent is
the location of suitable sites. Low energy, shallowwater sites are nost
attractive; however, cost factors will becone significant if |long transport

di stances are necessary to reach | ow energy sites. Tenporary protective
structures may be required if | ow energy sites cannot be | ocated and have been
successful at several Gulf coast sites where noderate wave energy occurs
(items 1 and 2). Marsh devel opment frequently nmeans the replacement of one
desirabl e habitat with another, and this will |ikely be the source of npst
opposition to this alternative. There are few reliable nmethods for conparing
the various | osses and gains associated with this habitat conversion; conse-
quently, determining the relative inpact nay best be made on the basis of the
prof essi onal opinion of |ocal authorities. Although studies have shown that
cont am nant uptake fromsoil in marsh environnments is mnimal, the planner
should remain alert that the potential exists with highly contam nated sedi -
ment use. Devel opment of a marsh at a given site can prevent the subsequent
use of that area as a disposal site. In many instances, additional devel op-
ment on that site would be prevented by state and Federal resource agencies.
Exceptions may occur in areas of severe erosion or subsidence, or where previ-
ous di sposal created a | ow marsh and subsequent disposal woul d create a higher
mar sh.

C. Mai nt enance. Dredged material marshes shoul d be designed to be
relatively maintenance free. The degree of mmintenance will |argely depend on
the energy conditions at the site, a factor that should be included in the
cost analysis of the project. No naintenance may be required to protect the
new marsh in | ow energy situations. In areas of sonmewhat higher energy condi -
tions, protection may be required only until the marsh has a chance to mature.
In those areas, protective structures may be designed for a relatively short
l[ife with no additional maintenance required. In high energy situations, per-
petuati on of the marsh may require planned periodic mai ntenance of protective
structures and possibly periodic replanting.

5-2
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5-3. CGui del i nes for Marsh Devel opnent.

a. Sel ection of Wetland Type. If nmarsh devel opnent is the beneficia
use alternative selected, it is necessary to select the nost appropriate wet-
land type (Figure 5-1). In nost situations, the selection of a wetland type
will be largely predeternined by overriding environmental conditions such as
tidal range salinity or flood conditions. Mst marsh devel opnent projects,
simply because of the nature of dredged material disposal and the formation of
drai nage patterns, will contain elenents of shallow and deep marsh (fresh-
water) or high and | ow marsh (saltwater).

MARSH DEVELOPMENT NO OTHER
1S SELECTED ALTERNATIVE ] ALTERNATIVES
SELECT WETLAND TYPE
DESIGN OF THE MARSH HABITAT
LOCATION ELEVATION ORIENTATION AND SHAPE p1143
o ENERGY REGIME o ELEVATION'IS PRIME BIGLOGICAL DETERMINANT  * BLEND INTO SURROUNDING ENVIRONMENT o OMOUNT OF DREDGED MATERIAL
o PROTECTION/CONTAINMENT » CONSIOER-SETTLEMENT AND CONSOLIDATION o MINIMIZE HIGH-ENERGY EXPOSURE ® ONE-TIME/INCREMENTAL/CELLULAR
© AQUATIC HABITAT « CONSIDER FASTLAND BORDER o EFFICIENCY OF SIZ€
© TRANSPORT DISTANCE o TAKE ADVANTAGE OF TOPOGRAPHY
e EFFICIENCY OF SHAPE

NOT FEASIBLE

REEVALUATE
MARSH DEVELOPMENT

FEASIBLE

CONSTRUCTION
o CONTRACTING
e SCHEDULING
* INSPECTION

!

PROPAGATION
o NATURAL INVASION
© ARTIFICIAL PROPAGATION
e SUCCESSION

MAINTENANCE

Figure 5-1. Procedural guidelines for selection of marsh
habi t at devel opnent
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b. Desi gn of Marsh Habitat. The detail ed design of the nmarsh habit at
is separated into four parts: location, elevation, orientation and shape, and
size. The design should maintain the goals of disposal of dredged materia
t hrough the devel opnent of a desirable biological comunity, using the nost
cost-efficient nethods and causing a mni num of environmental perturbation
Engi neering and bi ol ogi cal designs of marshes have been researched and field
tested by WES (itens 19 and 59) in a number of |ocations.

(1) Location. The location of the new marsh nmay be the npbst inportant
decision in marsh devel opnent. Low energy areas are best suited for marsh
devel opnent, and sandy dredged material has been found to be the ideal sub-
strate. Departure fromthese conditions will require a careful evaluation of
the need for structural protection and contai nnent. Hi gh wave or current
energi es may prevent the formation of a stable substrate and the establishnment
of vegetation, nmaking various forns of protective structures or nechani sns
necessary (item 2). Another nmmjor consideration in the protection/contai nnment
equation is the grain-size distribution. Hydraulically placed clay will usu-
ally require tenporary or permanent containment, regardl ess of wave or current
conditions. Containment is generally required to hold fine-grained type nate-
rial within a prescribed area. Silt under very | ow energy situations may
require no containnent or protection; however, in noderate energies it is
essential. Sand that would require no protection under |ow energy situations
may require some protection under noderate wave energy. Cbviously, a wide
range of conditions exists. It should be renmenbered that those areas best
suited for marsh devel opnent (shallow, |ow energy) are also likely to be bio-
| ogically productive. Particular efforts should be made to avoid unusually
producti ve areas such as seagrass neadows, clamflats, and oyster beds. In
general, the further dredged material nust be noved, the greater the cost in
mar sh devel opnent. The availability of suitable equipment may al so i nfluence
the feasibility of distant disposal. Therefore, attention should be given to
| ocating the disposal site as near the dredging operation as possible.

(2) Elevation. Final elevation of the marsh substrate is largely
determ ned by settl enent and consolidation and is the nost critical of the
operational considerations, as it dictates both the amount of material dis-
posed and the biological productivity of the habitat established. Techni ques
are available to predict the final stable elevation of a given vol une of
dredged material placed in a confined intertidal situation (item 19). Salt
mar shes are generally nost productive within the upper third of the tida
range, while freshwater marshes should generally be flooded to a depth of not
nore than 2 feet. Determination of final elevation is critical and should be
based on precise know edge of the el evational requirements of the plant com
munity. Variation in topography will produce habitat diversity and shoul d be
encour aged, provided that the majority of the area is within the desired
el evation range. If the possibility of not being able to achieve a desired

el evation appears likely, incremental filling nmay be possible, with a conser-
vative estimte of the anpbunt of material necessary to attain a given el eva-
tion. Should the final elevation still be too low, the difference can be made
up i n subsequent disposal. If one-tine disposal is anticipated, it my be
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possible to overfill and rework the area to a | ower elevation with earth-
novi ng equi prent

(3) Orientation and shape. The orientation and shape of the new marsh
will largely determine its total cost, its efficiency as a disposal site, and
its effectiveness as a biological addition to the natural environnent. The
shape should mninize inpact on drainage or current patterns in the area sur-
roundi ng the di sposal site and allow it to blend into the surroundi ng environ-
ment. |f high energy forces are anticipated, the marsh shoul d be shaped to
m ni m ze hi gh-energy exposure. Such design will reduce the threat of failure
and reduce the cost involved in providing protection. If available, a fast-
| and border, such as a cove, island, or breakwater, can serve as | ow cost
protection and mnimze the |l ength of otherw se necessary and costly contain-
ing or protective structures. An effort should be made to take advantage of
bott om t opography during the design of the new narsh. Disposal sites are
often not uniformin depth; if possible, protective structures should be
| ocated in shallow water and the fill area in deep water to naxinize the con-
tai nment efficiency. If dikes are built fromlocal material, it may be possi-
ble to deepen the di sposal area by locating borrow material within the dike
area. Shape may al so be a major cost determ nant when diking is required.

For a given area of protected marsh, a circle requires the mni num di ke
length. A rectangle increases dike length in proportion to its | ength-w dth
rati o. For exanple, a rectangle ten tinmes |onger than wide requires a perim
eter nearly twice that of a circle to contain the same area

(4) Size. The size of the disposal area will be a function of the
amount of the material to be dredged and the vol une of the disposal area.
There are several filling options that mght affect size, including one-tine,
increnental, and cellular. One-time filling inplies that a site will be
filled and marsh established within that operation, and that the area will not
be used again for disposal. In increnental filling it is recognized that the
site will be used during the course of nore than one dredgi ng operation or
season and the disposal area will be considered full when a predetermn ned
marsh el evation is attained. In cellular filling, a conpartnment of a pre-
scribed disposal area is filled to the desired el evation during each di sposa
project. Both incremental and cellular filling offer the efficiency of estab-

lishing a | arge disposal site and utilizing it over a period of years, thus
avoi ding repetitive construction, design, and testing operations. A mjor

di fference between these two nmethods is that the cellular nmethod provides a
mar sh substrate at the end of each season, whereas many years may be required
before incremental filling attains this goal. Cellular or incremental dis-
posal sites would generally be larger than one-tine disposal sites, and this
increase in size may offer a nore cost-effective disposal site.

C. Reeval uati on and construction. A final reevaluation of the marsh
devel opnent alternative should take place prior to construction. Marsh
devel opnent contracting procedures may sonetinmes prove to be difficult because
neither the contractors nor the CE may have had previous experience with marsh
contracts. Prebid conferences to explain the intricacies of the project as
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well as carefully detailed contract specifications are strongly advised.
Schedul i ng the dredgi ng can prove to be particularly inportant. To obtain
maxi mum veget ati ve cover within the first year, it is necessary to have the
dredged material in place and with a relatively stable surface el evation by
t he begi nning of the growi ng season. Delays will affect the initial success
of the project and may result in loss of nursery or seed stock, replanting
costs, adverse public reaction, and unwanted erosion at the site. It cannot
be overenphasi zed that careful inspection of the di sposal operation is
essential, as the attainment of the prescribed elevation is critical, an
aspect that nmay not be appreciated by the dredgi ng crew

d. Veget ati on establishment. Propagation of marsh plants can be
attained by natural invasion or artificial propagation. Natural establishnment
of plants can be expected if the environmental requirenents for a marsh comu-
nity, including a source of propagules, are present at a site. In sone cases,

especially in freshwater nmarshes, natural invasion will occur on a site within
a few nmonths; in others, especially saltwater coastal areas, many years nmay be
required. The process of marsh establishment will be accel erated on nost

sites by seeding or sprigging. In the selection of species for artificia
propagation, every effort should be nade to ensure that the sel ected species
represent a natural assenblage for a given area. Exotic or offsite species
will not generally be able to conpete with natural invaders. An exception may
be an instance in which a species is selected for tenporary cover or erosion
control until natural invasion has colonized the site. For exanple, snpoth
cordgrass is planted in tropical Florida, with mangrove seed pods inter-
spersed. The snooth cordgrass provides protection for the mangrove seedlings
until they becone firmy established. The advant age of propagati on by natura
invasion is the low cost, and this may be a pivotal consideration in border-
line projects. The advantages of artificial propagation are nore rapid
surface stabilization and an i nmedi ate vegetati on cover. Seven types of prop-
agul es are available for marsh vegetation establishnent: seeds, rootstocks,
rhi zones, tubers, cuttings, seedlings, and transplants (sprigs). By far the
nost comonly used in marsh establishnment is transplanted sprigs.

(1) Factors influencing design. The successful establishment of a
pl anned marsh requires careful project design and inplenentation. Each site
will exhibit its own peculiarities and nmust be approached individually. In
any marsh design, a nunber of factors are significant; the nost inportant are
salinity, tidal range, flood stages, soil texture, wave and wi nd action, con-
tam nant tol erance, outside influences, and cost.

(2) Protection. The new substrate nust be protected either by virtue
of its location in a |l ow energy area or by placement of a protective structure
such as a permanent or tenporary di ke or breakwater (Figure 5-2). Low energy
areas are nost commonly found in the | ee of beaches, islands, and shoals; in
shal | ow wat er where wave energies are dissipated; on the inside downstream
side of riverbends; in enbayments where nmarshes presently exist; within zones
of active deposition; and away fromlong fetch exposure, tidal channels,
uncontrolled inlets, and headl ands. Plants thensel ves may be used as a
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Figure 5-2. A floating tire breakwater installed
at Gaillard Island, Al abama, to protect newy
pl anted marsh from noderate wave energies
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Figure 5-3. Transplants at M|l er Sands habitat devel op-
ment site, planted on 3-foot centers, at the end of the
first growi ng season
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protection barrier by planting nore erosion-resistant |large transplants on the
outer fringes of the marsh, with nore susceptible but |ess expensive propa-
gul es such as rootstocks, tubers, and seeds in the interior and hi gh marsh
areas of the site. Young plants are particularly vulnerable to wildlife
feedi ng and browsi ng. Herbivores such as Canada geese, muskrats, nutria,
rabbits, goats, sheep, and cattle can rapidly destroy a newmy established

mar sh. Heavy grazing may even destroy mature marsh communities. Potentia

ani mal depredation should be evaluated for each site and, in extreme cases,
shoul d be controlled by trapping or fencing.

(3) Plant spacing. Plant spacing is highly site specific and is
governed by the quality of the substrate, type of propagule, length of the
growi ng season, and desired rapidity of plant cover. Generally, when trans-
plants are used, parallel rows and spacings of 1 to 3 feet are recomended to
achieve relatively uniformcover by the end of the second grow ng season
(Figure 5-3). Planting at about 3-foot intervals is usually a good conprom se
bet ween high costs and full cover. |If the cost of transplants is a linmiting
factor, or there is no conpelling reason to attain full cover within a short
time, then spacing may be greater than 3 feet. If the site is extrenely
unst abl e, subject to heavy wildlife pressures or physical stresses, or if
aesthetics are an i medi ate concern, nore dense plantings may be desirable.
For exanple, if Canada geese are known to use the area heavily, the plants
shoul d be spaced closely to encourage the geese to linmt their feeding to the
edges of the new marsh. Transplants may be evenly or randomy spaced; even
spacing is nore efficient in use of machinery and | abor. OQther vegetative
propagul e types such as rootstocks, rhizomes, and smaller sprigs are handl ed
simlarly to transplants. However, since they grow nuch slower initially,
t hese propagul es should be spaced nore closely. Intervals of 1 foot are
recommended for rootstocks and rhizones, and 1 to 1.5 feet for smaller sprigs.

(4) Diversity. In general, a site planted in a variety of species over
a topographic range, fromdeepwater to upland areas, is preferred. Exceptions
to this are sites where physical stresses are particularly harsh or stabiliza-
tion is critical (as on dike slopes), where only one species can tolerate the
conditions, or where quick cover by a vigorous nmonopl anting, such as snooth
cordgrass at lowintertidal elevations, is needed. Mre typically, variation
in site elevation with respect to water regine will necessitate planting the
dredged material with at | east two species to obtain both high and | ow marsh.
Speci es diversity can be used to achieve greater appeal to a nore diverse
group of wildlife, to enhance habitat for a target wildlife species, to con-
trol ani mal depredation by planting a high-value wildlife food species as a
sacrifice, to better ensure site success, and to provide for |ong-range plant
succession at the site by making avail abl e sources of several desirable
speci es. Generally, marshes of about 20 percent nudflats, 30 percent vegeta-
tion cover, and 50 percent open, shallow water are nost productive from an
ecol ogi cal standpoint and in overall wildlife use. It nmay be necessary to
first establish the marsh, then do any clearing that nmay be required for a
wi | dli fe enhancenent objective.
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(5) Plant species selection. The selection of plant species appro-
priate to the region, to the site, and to the project objectives is the first
step toward vegetation establishnent. Success of the project nay hinge upon
t he speci es being planted, propagule types used, and the use of the plant
material by wildlife. The site planner should faniliarize hinself wth nearby
mar sh plant communities that occur on simlar sites, noting the distribution
and rel ati ve abundance of species within the stands. Al species should be
consi dered. Smooth cordgrass, because of its |large areal extent, has been
consi dered the nmajor marsh species in the eastern and gul f coasts of the
United States, but other species such as black needl erush, saltgrass, salt-
meadow cordgrass, big cordgrass, saltmarsh bulrush, river bulrush, cattails,
and nutsedges are al so easily established and highly productive. Figures 5-4,
5-5, 5-6, and 5-7 show generalized profiles of major marsh plant associations
for east and west coast salt marshes, brackish marshes, and fresh | ake, pond,
and river marshes. Selection of a species or mxed group of species for
planting at a particular site should be based upon: project goals, |ocation
climate and mcroclimte, tolerance, soil, plant growh habits, plant avail a-
bility, maintenance requirenments, and costs. If a project goal is to estab-
lish habitat for target wildlife species, any plant species known or suspected
to be of use for cover, food, resting, or nesting for those species should be
considered. If soil stabilization is a goal, species selection will be influ-
enced. Marsh pl ant species have varied capacities for stabilization. Their
underground root structure, rate of growth, and season of growh are inpor-
tant, and species with a | onger growh cycle, such as snooth cordgrass and
sal t readow cordgrass, probably are nore effective at erosion control than ones
such as big cordgrass with a seasonal cycle.

(6) Propagul e selection. Once species selection has been conpl et ed,
nore detail ed consideration nust be given to the type and availability of
pl ant propagul es, the anount of plant material needed to propagate a site, and
the costs. The criteria for selection of propagule types are simlar to the
consi derations used for selection of plant species: availability and costs,
coll ection and handling ease, storage ease, planting ease, disease, urgency of
need for vegetative cover, and site el evation

(7) Handling plant material and planting the site. These techni ques
are generally those that will be applied by a CE contractor. Specific
handl i ng and planting details for nmarsh vegetation are discussed in itenms 19
and 39 for seeds and vegetative propagul es such as transplant and rootstock
Appendi x B provides information on 359 upland and 105 wetl and pl ant species
that may be planted on dredged material beneficial use sites.

(8) Pilot propagation study. In a marsh devel opment project where
there are unknown factors such as seed or sprig collection and planting tech-
ni ques, effects of aninmal depredation, rate of plant spread, heavy netal
upt ake, or | ack of experience in simlar projects, it is prudent to conduct a
pilot study. A pilot project is particularly advisable if the project is a
| arge and costly one. A pilot study’'s main purpose is to determ ne whether or
not the selection plant species and propagules will grow under conditions
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found on the site. The study can be conducted in |l ess than a year, but the
test species should be allowed to grow for one full season before concl usions
are drawn. Such a project should be of sufficient size that it will accu-
rately reflect future operational difficulties. Each sel ected species should
be tested against all site conditions, and it may be advisable to test nore

t han one propagul e type, propagation nethod, planting tine, and plant spacing
for each species. The size of the pilot study is linmted only by the desired
tests, the tinme avail able for such testing, and funding. A sinple statistica
design will pernmit quantitative evaluation of the study where prediction of
degree of success or failure can be made. The success of these plants can
general |y be eval uated by observation of survival. Test plots established
shoul d be eval uated on a regular basis to determ ne survival and growh, natu-
ral plant invasion, erosion, and ani mal depredation. Sanme-position photog-
raphy on a regular basis is also valuable in obtaining a good record of plant
success, growth, or dieback

(9) Time of planting. Time of planting is very inportant regardl ess of
t he propagul e type used. For exanple, seeds planted before the last frost in
the spring may suffer heavy damage, and planting in mdsumer may result in
heat and drought stress of the seedlings as they sprout. Vegetative propa-
gul es may be planted when the ground is not frozen, and when the day tenpera-
tures average |less than 68°F. Wth provisions for local climatic extremes and
peri ods of severe stormor tide activity, propagules are best planted in early
to mdspring. Along the gulf and south Atlantic coasts, planting is recom
mended in all but the sumrer nonths. Fall planting, although a horticultur-
ally acceptable practice, is not recoormended for marshes as severe | oss of
propagul es may result from erosion of sedinents away fromthe root systens
before regrowt h begins the follow ng spring. To | essen shock, propagules held
in storage inside a nursery or greenhouse should not be planted until tenpera-
tures at the field site are at |least as warm as the storage area. Propagul es
held in shady areas should be gradually acclimted to sunny conditions to pre-
vent blistering and death of |eaves. Propagul es should also be acclimted to
the salinity that exists at the site. For exanple, if saltneadow cordgrass
propagul es are dug from a donor marsh of five parts per thousand (ppt) salin-
ity to be planted in a marsh of higher salinity, they could be maintained at
5 ppt until about 2 weeks before planting when they should be noved to a
solution of the same salinity as the accepting marsh. If there is a large
di fference of at |east 10 ppt, gradual acclimation is necessary.

(10) Dredged material (soil) bed preparation and treatnent. Initia
dredged materi al assessnent should have reveal ed certain characteristics of
the substrate: texture, salinity, nutrient level, and potentially toxic
| evel s of netals, pesticides, petroleum products, etc. These characteristics
were consi derations used to sel ect species and propagul es and now nust be con-
sidered in the preparation of the soil bed and any treatnents needed for
planting such as limng and fertilizing. Actual plot preparation should take
pl ace just prior to planting of the site. Sandy dredged material disposa
sites often can be graded to achieve desired sl ope and el evations. Fine-
textured material cannot be easily nodified once placed. Dewatered and
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potentially acidic material may be encountered at higher elevations within the
mar sh devel opnent site. Modification of the pH of this dewatered nmateria

using sone formof |inme may be necessary if the pHis less than 5.5. Fine-
textured dredged material sel domneeds fertilizer, as it tends to be rich in
nutrients. A positive short-term plant response generally can be obtai ned by
fertilizing sandy material and it is usually recomrended on highly erosive
sites. However, long-termsurvival of the site may not be affected by ferti-
lizer applications. In general, under marsh conditions of periodic inunda-
tion, fertilization is not recomrended.

(11) Plants for dikes. Tenporary or permanent di kes nmust often be
erected to contain fine-textured dredged material. It nay be advantageous to
stabilize these with plants to reduce erosion. Representative plants that nmay
be used successfully on dikes in coastal areas are saltneadow cordgrass, salt-
grass, groundsel tree, marsh el der, conmon reed, seaside gol denrod, beach
pani ¢ grass, and coastal bernuda grass. These are established using agronomnic
upl and practices discussed in Chapters 6 and 12 and in items 30 and 32. Dikes
ininterior and freshwater areas may be planted with species such as tal
fescue, reed canary grass, giant reed, common reed, comon Bernuda grass, and
swi tchgrass. All these species may be seeded, and nost are commercially
avail abl e.

e. Pot enti al Probl ens.

(1) Project timing. Dredging and bi ol ogi cal cal endars frequently do
not match. There are two key itens regardi ng biol ogical scheduling: predict-
able lead tine is necessary to prepare sone propagul e types, and planting is
usual ly best in the spring. Transplants grown in a greenhouse cannot be held
beyond a certain point .without greatly increasing costs and weakening the
propagul es. Similarly, seeds nust be collected when they mature in the field

and often will not remamin viable for extended periods of tine. Dredging
schedul es are often variable, particularly so when new di sposal techniques are
bei ng enployed. In alnost all situations the dredgi ng schedule will predoni -

nate; therefore, it is best not to initiate all planting preparations unti
dredging times are assured. In nost situations a delay of 4 to 6 nonths

bet ween conpl eti on of dredgi ng and propagation will be acceptable. If this is
not acceptable, the dredgi ng schedul e should be adjusted if possible. Late
summrer dredging will usually result in a site being ready for propagation in
the spring of the following year. It will often not be possible to dredge and
plant in the sane cal endar year as both procedures are subject to tine con-
straints and del ays.

(2) Contam nant uptake by plants. Metals and chlorinated hydrocarbon
conpounds comonly associated with industrial, agricultural, and urban areas
may be transferred to marsh plants fromthe air, water, or marsh substrate.
When contam nated dredged material is used for marsh devel opment, the poten-
tial for contam nant transfer should be considered. This potential problem
has been discussed in Chapter 2.
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(3) Invasion of nonpreferred plant species. In brackish or freshwater
mar shes, invasion of unwanted plant species such as purple |oosestrife or com
non reed can occur readily if propagul es of those species are already present
nearby. The nmost frequent invader in the east and gulf coast areas with the
exception of south Florida and Texas is comon reed; in freshwater areas,
broadl eaf cattails may create dense stands. Although these two speci es have
value for soil stabilization and wildlife use, they may grow in too dense a
stand for maximumw I dlife diversity and therefore require control. If the
final elevation of a salt marsh substrate is higher than planned and rel a-
tively free of tidal inundation, conmmon reed and nore upland speci es may
invade. In northern U S. fresh marshes, purple |loosestrife is devel oping
into a major pest species. If it is at a higher elevation but tidal inunda-
tion still occurs, a high marsh may result when a | ow marsh was pl anned.

(4) Pests and diseases. Wldlife and feral aninmals of domestic breeds
can destroy newy planted vegetation or retard succession by grazing or tram
pling. Gazing pressure varies anmong regions and situations. Potential con-
trol methods include fencing the site to exclude pests, trapping and renoving
pests, locating the site at a sufficient distance from pest sources, and pl an-
ning the project to avoid a known pest problem |Infestations of harnful pests
such as chewi ng insects and snails will cause occasional problenms and should
be dealt with, if necessary, as they occur. Pest prevention techniques should
be tailored to the site. While plant di seases do occur anong marsh speci es,
heal thy stands will generally not beconme heavily infected. Only in cases of
severe infections should control neasures be undertaken.

f. Post propagati on Mai ntenance and Monitoring. Mnitoring of benefi-
cial use sites is discussed in detail in Chapter 16. There are two nmj or con-
siderations in postpropagati on phases of any marsh project: to maintain or
not to maintain the site. Nonmaintenance has advantages of allow ng natura
succession to take place once the initial establishnment is ensured and
i nvol ves no additional expenditures. Disadvantages that could result from
I ack of maintenance include plant invasion by unwanted species, col onization
by undesirable wildlife species, and major changes in site topography from
climatic forces. Mnitoring can determne the need for further soil treat-
ment, to control for pests, to renmove debris accunul ati ons snothering plants,
to make additional plantings, and to determne site progress and success.

5-4. Engi neering Aspects of Wetland Habitat Devel opnent. Field investiga-
tions and | aboratory tests required for sedi ment characterizati on and sub-
strate design in marsh habitat devel opnent are simlar to those required for
desi gn of conventional dredged material disposal areas. The term "substrate"
here refers to the dredged material upon which a marsh will be devel oped. The
el ements of substrate design include configuration, elevation, protection, and
retention. Required field investigations and | aboratory tests as they pertain
to habitat devel opnent in salt water or fresh water sites include channe

i nvestigations, site investigations, bottomtopography, evaluation of wave and
wat er energy, and substrate foundation investigations including consolidation
and sedi mentation. Mre detail ed descriptions of certain procedures are
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contained in Palermo et al. (item 62). Engineering design of substrate for
mar sh habitat devel opnent consists of defining elevation, slope, shape and
orientation, and size (area and volune). The design must provide for place-
ment of the dredged material within the desired limts and required el eva-
tions, allowing for settlenment due to consolidation of dredged material and
foundation soils. Adequate surface area or detention tinme nust be provided
for fine-grained sediments to allow settling of suspended solids in order to
meet effluent criteria during construction. Various aspects of substrate
design are discussed in items 19 and 62. Procedures are equally applicable to
both saltwater and freshwater sites.

a. El evati on Control Requirements. The nobst critical aspect of a marsh
devel opnent project is usually attainment of a precisely defined stable el eva-
tion. Unconfined substrates, normally devel oped wi th coarse-grai ned dredged
material, will not undergo significant settlement due to self-weight consoli-
dation. They may, however, require considerable shaving down to reach an
intertidal |evel (Figure 5-8). However, settlenments due to consolidation of
conpressi bl e foundation soils may occur. Confined substrates are normally
devel oped with fine-grained dredged material, and significant settlements of
confined substrates nmay occur due to self-weight consolidation.. One-time con-
struction of confined substrates presents the nost critical requirement of
prediction of settlenents since the initial placenent of dredged material nust
be such that a final elevation within acceptable limts is achieved
(Figure 5-9). Since the substrate surface cannot be raised by |ater placenent
of additional material, the design nmust include predictions of settlenent to
be expected. In incremental construction, the substrate surface elevation is
rai sed by suppl enmental placenent of dredged material, and an exact prediction
of settlenent for initial layers is not required. Field experience gained by
observation of settlement behavior of the initial dredged material |ayer may
be used to aid in prediction of settlenment of subsequent |ayers.

b. Desi gn. for Sedinmentation. Confined substrates conposed of fine-
grai ned dredged material nust be designed for retention of the solids by grav-
ity sedinmentation during the dredgi ng operation. Design for sedinmentation is
directly affected by size of the containment (area and volune), inflowrate (a
function of the dredge size), operational conditions, physical properties of
the sediment, and salinity of the dredging environnent. Design procedures are
avai l abl e that provide for determination of the respective surface area or
detention tine required to accommodat e conti nuous dredged material placenent.
Factors influencing hydraulic efficiency of the substrate containnent nust
al so be evaluated to include effects of short-circuiting, ponding depth, weir
pl acenent, and shape of the containment. If the substrate containnent does
not provide for adequate sedinentation within the project constraints, it may
be possible to increase the substrate contai nment size, decrease the disposa
rate by using a smaller dredge, or increase settling tine by using intermt-
tent operations.

C. Weir Design. Retention structures used for confined substrates nust
provide a neans to release carrier water fromthe di sposal site. This is best
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Fi gure 5-8. Heavy equi pnent was required to
shave down sandy dredged material deposits

to intertidal |evels at Bolivar Peninsul a,
Texas, and at other man-made wetl and sites

INITIAL ELEVATION AT
/—COMPLETION OF DREDGING

ULTIMATE ELEVATION

SUBSTRATE
ELEVATION

ACCEPTABLE
RANGE FOR

]
v
o

AVERAGE SUBSTRATE SURFACE ELEVATION

TIME

Figure 5-9. Dredged material substrate
surface el evations versus tine
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acconpl i shed by placing a weir structure within the substrate containnent.

The weir structure nust be designed to provide the capability of selective

wi t hdrawal of the clarified upper |ayer of ponded water within the contai nment
wi t hout excessive resuspensi on and withdrawal of the settled solids. Weir
design is based on the assunption that sufficient surface area or detention

ti me has been provided for sedinmentation and that short-circuiting is not
excessive, Weir design procedures are described in Wal ski and Schroeder

(item 82).

d. Requi rements for Retention and Protection. Site hydraulics and
sedi nent properties deternine the need for retention and protective structures
at marsh devel opment sites. These sites may require structural protection
from erosion caused by currents, waves, or tidal action. A retaining struc-
ture may al so be required to retain the dredged material until it consolidates
and to control the migration of suspended fines. The first step in the sel ec-
tion of a retention or protective structure is to validate the requirenment for
such a structure. Particular concern should be given to the effects of any
proposed structure on current or wave patterns. Structures which nay con-
strict water flow and increase local current velocities or reflect wave energy
may i ncrease erosion. Mich of the engineering discussion in this part is
detailed in item17. The rel ationshi ps between erosion, transportation, and
deposition velocities and the sedinment grain size are summarized in
Figure 5-10. Values are based on velocities neasured 6 inches above the
bottom of a sedinent.

e. Structure Sel ection Considerations. Considerations in containment
structure selection include the dredged material to be retained or protected,
maxi mum hei ght of dredged material above firmbottom required degree of
protection from waves and currents, pernmanence of the structure, foundation
conditions at the site, and availability of structure material. These con-

siderations will deternmine feasibility of a structure in relation to the
project goal, the likelihood that the structure can be maintai ned over its
useful life, and the structure’'s total cost. These factors are site-critica

and require engineering site data. Several retention and protective structure
types are considered technically feasible for use in marsh habitat devel opnent
and are illustrated in Figure 5-11. Two types of structures are likely to be
used in habitat devel opnent projects: sand dikes and fabric bags.

f. Desi gn Consi derations.

(1) Final elevation of the substrate nmust be considered in the site
design. The first step is to establish the desired el evation of the proposed
mar sh. Antici pated foundation and fill consolidation to obtain maximum fil
| evel , maxi mum pondi ng | evel, and theoretical maxi mnum di ke hei ght of structure
i ncl ude any additional freeboard that may be necessary to prevent overtoppi ng.
Al l owances for retention structure settlenent must al so be considered. In the
desi gn of containnent structures, all the water and earth pressure forces act-
ing on the structure nust be considered, as well as any surcharge that is
anticipated during construction or in later use. New substrate which requires
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Fi gure 5-10. Erosion-deposition criteria for
di fferent grain sizes
a retaining structure generally will be conmposed of soft clays and silts,

which remain in a slurry state for a significant period after placement. A
fluid pressure | oading may be exerted on the retaining structure until the
substrate begins to consolidate and devel op shear strength.

(2) Wnd wave characteristics such as height, period, direction, and
the probability of occurrence can be found using locally collected data and
hi ndcasti ng met hods. At sites where wi nd waves appear to be a nmjor con-
sideration, early recognition of that fact nmay permt relocation or shifting
of the site to reduce the open-water fetch in the predoni nant wi nd direction
thus limting the maxi num wi nd- generated wave. |In shall ow back bays and
estuaries, water depth will frequently linmt the growth of wi nd waves
(item 17).

(3) Ship-generated waves may al so be a major cause of erosion along the
edges of marshes. Wave neasurenents properly timed to ship traffic at the
di ke site will allow establishnent of a design value. Erosion and scour cause
the renoval of soil particles by water action above and bel ow normal water
surfaces; they can cause structural failure and nust be guarded agai nst by
properly designed protective structures. The erosive ability of water waves
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and currents at a potential disposal site nmust be considered in the selection
and design of a retaining structure and its foundation. Erosion can be mni-
m zed by proper |ocation and orientation of the retention/protective struc-
ture. Locating the site in a |low energy environment is the ideal solution

and a must in many areas. Flattening the outer slopes of the fill or dike
wi Il reduce turbul ence and scour. Stream ining the upstreamface of the fil
will also |l essen erosion. Vegetation nay be used to stabilize the di ke and

reduce erosion. Protection of inner and outer surfaces by the use of filter
cloth, revetnent, or antiscour blankets of rubble may be required in higher
energy situations. Protection created by breakwaters or floating wave attenu-
ating devices is also possible but may not be economcally feasible (item 17).

(4) In riverine environnents, an inportant consideration in deternining

wat er velocity must be the effect the fill placement will have on altering the
flow conditions. When the fill decreases the cross-sectional area of a
channel, there will be resulting increases in flow velocities and/or water

surface el evations. These should be estinmated and used to eval uate the ero-
sion and scour potential. Foundation stability, stress, settlement, and seep-
age forces and piping are al so inportant considerations in site design
(items 17 and 62) (Figure 5-12).

g. Construction Considerations for Retention/Protective Structures.
Characteristics of the site will determ ne which construction techniques are
feasible and greatly influence construction costs. Anong the |ocation factors
that influence costs are: equi pnment accessibility, wave and current condi -
tions, tidal range, water depth, bottom conditions, and distance fromthe
dredging site (item 17). Construction techniques and control of these struc-
tures are discussed at length in itens 17 and 62.

h. Weir Structures. Weir structures are required for rel ease of water
during and after the filling operations and shoul d be considered an integra
part of the retention/protective structure. Weirs should be well-anchored and
collared. Two basic types of weirs are the drop inlet and the box. The drop
inlet weir is nmost conmonly used in CE confined di sposal operations. The
structure consists of a half-cylinder corrugated netal pipe riser equipped
with a gate of several stop-logs or flashboards that serve as a variable
hei ght weir. They can be added or renobved as necessary to control flow into
and out of the containnent area. A discharge pipe |leads fromthe base of the
riser through the dike to the exterior. The box weir consists of an open cut
t hrough the entire di ke section. The cut is usually lined with timber but
could be lined with concrete or steel. Box sluices also use stop-logs for
control I i ng drai nage. Box sluices are not often enpl oyed. However, box
sluices are capable of rapidly discharging | arge volunes of water. This fea-
ture could prove advantageous in marsh establishnent since natural water |eve
fluctuations throughout the containnent area may be necessary during construc-
tion and are essential to the natural operation of the new marsh. Additiona
i nformati on regarding weir design, construction, and operation can be found in
items 30, 62, and 82.
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i Dredged Material Placenent Operations. Material may be placed
within the disposal site using either hydraulic or mechanical methods. The
hydraulic pipeline dredge is by far the nost conmonly used method and will
provide the major source of material to be used for marsh establishnent.
Pi peline length can be extended to several miles with the addition of inter-
nedi at e booster punps, but at a substantial additional cost (item 19).
Hydraulic transport of material assunes additional prom nence when one con-
siders that the newer concepts for dredged nmaterial handling systens involving
di rect punpout of bucket-|oaded scows usually involve final disposition via
pi pel i ne. The pipeline dredge can dispose of material in shallow water areas
t hrough the use of shore lines or shallowdraft floating pipelines. Detailed
i nformati on on obtaining sel ected dredged material for di ke construction
operations for placenent of the material, novenent of pipelines in shallow
wat er areas and on the shoreline, energy dissipators, operational guidelines,
and the influence of dredged material placenment on structures is presented in
item 19.

j- Managenment Activities for Confined Substrate Placement. Placenent
of dredged material within a confined area is identical with placenment in any
ot her contai nment area. Certain managenent activities are therefore necessary
to ensure that suspended solids are retained within the area and that effluent
quality is maintained (items 4 and 62). The managenent of surface water can
be acconplished by controlling the elevation of the outlet weir(s) throughout
the operation to regulate the depth of water ponded within the contai nment
area. Proper managenent of surface water is required to ensure contai nnment
area efficiency and can provide a neans for access by boat or barge to the
contai nnent area interior. At the beginning of the placenent operation, the
outlet weir is set at a predetermned el evation that will ensure that the
ponded water will be deep enough for settling as the contai nment area is being
filled. As the operation begins, slurry is punped into the area; no effluent
is released until the water |evel reaches the weir crest elevation. Effluent
is then released fromthe area at about the same rate as slurry is punped into
the area. Thereafter, the ponding depth decreases as the thickness of the
dredged material deposit increases. After conpletion of the placement opera-
tion and of the activities requiring ponded water, the water is allowed to
fluctuate with the tides through the existing weir structure. Use of the
ponded water for floating the pipeline within the containnent area can be of
benefit to general contai nnent area nmanagenent by greatly facilitating the
novermrent of the inlet point without disruption of the dredgi ng operation. The
floating inlet allows selective placenent of coarse-grained material behind
the retention structure or at desired nounding locations within the substrate.
Once the substrate has achi eved the desired degree of stability and after
careful consideration of the erosion potential of such an action, the weirs or
retention structure may be breached to allow natural water circulation
t hr oughout the substrate area.

5-5. Whoded Wetl and Habitats. In contrast to marsh devel opnent, al nost no
devel opnent of wet woodl ands on dredged material has been researched or field
i mpl enented. Item 41 devel oped gui delines and drew restoration plans for
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bottom and hardwood sites and floodplain islands. Guidelines are not avail -
abl e for cypress/tupel o swanps nor for northern wody bogs, types of wooded
wet | ands conmonly encountered by the CE. Since dredgi ng operations and dis-
posal sites are generally carefully steered away from wooded wetl ands and
wooded wet| and habitat devel opment has been very infrequent, this EMw Il not
address these types of habitats.
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CHAPTER 6
UPLAND HABI TATS
6- 1. General . Upland habitats enconpass a variety of terrestrial comrunities

ranging frombare soil to dense forest. In the broadest interpretation,

upl and habitat occurs on all but the nost disturbed di sposal sites. For
exanpl e, a gravelly and bare disposal site may provide nest sites for killdeer
or tern species; weedy growh may provide cover for raccoons or a food source
for seed-eating birds; and water collected in desiccation cracks may provide
breedi ng habitat for nobsquitoes. The essential fact is that man-made habitats

wi Il devel op regardl ess of their managenent; however, the application of sound
managenment techniques will greatly inprove the quality of those habitats
(item 72)

6- 2. Upl and Habitat Devel opnent Considerations. Upl and habitat devel opment
has potential at hundreds of disposal sites throughout the United States. Its
i mpl enentation is largely a matter of the application of well-established
agricultural and wildlife management techniques.

a. Advantages. Upland habitat devel opment as a di sposal alternative
has several distinct advantages:

(1) Adaptability.

(2) Inproved public acceptance

(3) Creation of biologically desirable habitats.
(4) Elimnation of problem areas.

(5) Low cost enhancenment or mtigation

(6) Compatibility with subsequent disposal

The principles and applications of this alternative are adaptable to virtually
any upl and di sposal situation. Regardless of the condition or location of a

di sposal area, considerable potential exists to convert it into a nore produc-
tive habitat. Small sites in densely popul ated areas may be keyed to snall
animal s adapted to urban life, such as seed-eating birds and squirrels.

Larger tracts may be managed for a variety of wildlife including waterfow,
gane manmal s, and rare or endangered species. The know edge that a site will
ultimately be developed into a useful area, be it a residential area, a park
or wildlife habitat, inproves public acceptance. Many idle and undevel oped

di sposal areas that are now sources of local irritation or neglect would
directly benefit from upland devel opnent, and such devel opment may well result
in nmore ready acceptance of future disposal projects. Upland habitat devel op-
ment will usually add little to the cost of disposal operations. Standard
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procedures may involve limng, fertilizing, seeding, and nowi ng. A typica

| evel of effort would be sinmlar to that applied for erosion control at nost
construction sites and considerably | ess than that encountered in | evee nmain-
tenance. Unless the target habitat is forest, this type of habitat wll
general |y be conpatible with subsequent disposal operations. In nost situa-
tions, a desirable vegetative cover can be produced in one grow ng season
Subsequent di sposal would sinply require recovery of the | ost habitat.

I ndeed, the mmintenance of a particular vegetation stage may require periodic
di sposal to retard or set back succession (item 73).

b. Disadvantages. The di sadvantages of upland habitat devel opnment are
potential public opposition to subsequent disposal and possible necessity of
| ong-t erm managenment. The devel opnent of a biologically productive area at a
given site may di scourage subsequent disposal or nodification of |and use at
that site. This problem could be avoi ded by the clear identification of
future plans prior to habitat devel opnent, or by the establishnment and mainte-
nance of biological comunities recognized as being npst productive in the
earlier stages of succession. In the latter case, subsequent disposal may be

a necessary nmanagenment tool. Some habitat types will require managenent. For
exanpl e, if annual plants such as corn are selected for establishment, then
yearly planting will be necessary. If the intent is to maintain a grassland
or open-field habitat, it may be necessary to now the area every 2 to 5 years
to retard woody vegetation. In nost cases, it will be possible to establish
very | ow mai ntenance habitats, but if the intent is to establish and perpetu-
ate a given habitat type, |ong-term managenent will be essential and may be
expensi ve.

6- 3. GQuidelines for Upland Devel oprnent.

a. Upland Habitat Needs and Assessnments. Those upland habitats in
l[imted supply should be identified and the opportunity for additional habitat
assessed. Public attitudes are of particular consequence in the inplenenta-
tion of this alternative, and public opinion should be actively sought. Site
sel ection should be made with a particular target habitat in mnd as the
i mportance of other habitats will be greatly influenced by the needs and
attributes of the surrounding area. The chem cal and physical properties and
the relative quantities of different types of dredged material should be eval -
uated to deternine the characteristics of the soil to be used in the habitat
devel opnent. Several renedial treatnents are possible. For exanple, it may
be possible to inprove the agricultural characteristics of the surface |ayer
by top dressing the site with material selected for its agronom c characteris-
tics. It may also be possible to bury a problemsoil by capping it with a
| ayer of clean material.

b. Planning and Desi gn.
(1) Assuning that upland habitat devel opment has been selected as a

di sposal alternative or as an enhancenment neasure, habitat planning and design
guidelines are indicated in Figure 6-1. The criteria discussed under site
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consi derations are applicable regardl ess of whether the site is a new or pre-
viously used disposal area. Local needs and thereby target wildlife species
will be determined primarily by the desires of state wildlife agencies and
those of the public. These needs are likely to reflect |ocal perception of
the value of wildlife. If the area has a strong hunting tradition, the
enphasis may be on ganme animals. If there is strong agency concern for an
endangered species, that may be the enphasis. In nany cases, a target species
per se will not be identified. Rather, a grouping such as "songbirds" or
"smal | ganme" will be designated. The list of target species must be eval uated
in light of the available habitat surrounding the site and the size of the

di sposal site. The size of a disposal area will seldom be |arge enough to
exert a significant inmpact on regional animal populations if it only dupli-
cates existing habitat types. Therefore, the success of the site will usually
be deternmined by its ability to enhance surrounding habitats or remedy limt-
i ng environmental factors.

(2) Basic managenent decisions will depend on the type of disposal and
future plans at the site. If one-tine disposal with periodic nmaintenance is
pl anned, the managenent plan may be quite flexible. One-tinme disposal wthout
managenment indicates the need to establish a plant community that is rel a-
tively self-sustaining. If periodic disposal is planned, plant comunities
that are rapidly functional are advised. Properly planned, periodic disposa
could be considered a wildlife managenent option used to control succession or
diversify the habitat and avoid confrontation regardi ng subsequent activities.
Future plans for any habitat devel opnent site should be well docunented and
under st ood by interested agencies and the public prior to inplementation

(3) Soil treatnment and plant selection are closely related and can
proceed after determnmination of the type of disposal, identification of the
characteristics of the dredged material, and determination of target species
have been conpleted. Soil treatnent may include a variety of activities such
as burying problemmaterials, dewatering, mixing naterials to obtain inproved
soi|l characteristics, leaching, fertilization, and Iimng (Figure 6-2). Plant
selection will be dictated by soil conditions and habitat preferences. In
many situations it will be possible to identify highly desirable natural plant
conmuni ti es near the disposal area. Devel opnent of site conditions (soil
el evation, diversity) on dredged material that are simlar to those of desir-
abl e plant communities will encourage natural invasion and natural devel opnent
of simlar communities. When this is possible, a considerable savings in
pl anti ng and mai ntenance costs nay be realized.

c. Reevaluation and Inplenentation. If, upon reevaluation, the upland
habi t at devel opnent alternative remains feasible, the project may be inple-
ment ed and subsequently maintained. Inplenentation will be highly site spe-
cific but should present few difficulties beyond the problens typically
encountered in contracting new or unusual work. Advice fromlocal wildlife
bi ol ogi sts and soil scientists nay prove invaluable in this stage.



EM 1110-2- 5026
30 Jun 87

Figure 6-2. Mxing layers of silty and sandy
dredged material at Nott I|sland upland site,
Connecticut River, Connecticut

6- 4. Upl and Site Devel opnent.

a. Site selection. Two types of upland habitat devel opnent sites have
potential beneficial use: older, existing sites where habitat devel opment and
enhancenent occurred, and planned sites where upland habitat devel opnent is
part of the project goal. In both cases, several factors deternine selection
of the best possible site: availability, disposal need capacity, proximty to
dredgi ng area, physical and engi neering characteristics, environnental and
soci al acceptability, tidal and current considerations, and habitat devel op-
ment feasibility.

b. Site characterization. After the upland disposal site has been
selected for devel opment, field and | aboratory investigations of the site and
rel ated areas should be initiated. If the site is an ol der disposal area to
be reclaimed, it and the surroundi ng area shoul d be eval uated physically and
biologically to assess its potential for habitat devel opment and determ ne
necessary action. |If dredging and di sposal operations are involved, it wll
be necessary to add information related to the site’s capacity, need for and
design of a protective or retention structure, and construction details. This
i nformation should be collected in conjunction with characterization of the
sedi nents to be dredged. Physical, biological, socioecononic, and engi neering
tests should be made to determine site suitability (items 32 and 62) and
acceptance. Target wildlife species should be identified, and other potentia
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upl and obj ectives such as site stability and nultiple habitat use should be
consi dered.

c. Vegetation establishment. Since upland habitat is devel oped pri -
marily for wildlife and I ess often for erosion control, it is inportant to key
in on target species that will use the disposal site. An excellent exanple is
the Nott Island site in the Connecticut River, Connecticut, where a m xture of
grasses and | egunmes was planted as a nesting and grazi ng neadow for waterfow,
deer, and small mammals (Figure 6-3). Although an animal’s habitat consists
of a wide variety of conponents, vegetation is by far the nost inportant.
Vegetation growth form height, density, placenment, diversity or uniformty,
seasonal changes, biomass, and hardi ness strongly influence species conposi -
tion, abundance, and well-being of wildlife. Secondary objectives of recrea-
tion, aesthetics, erosion control, and soil quality also depend in part on

Figure 6-3. Nott I|sland habitat devel opnent site,
showi ng the planted nesting and grazi ng meadow
after 5 years of devel opnment

vegetation. These rel ationships nake it necessary to begin consideration of
the ultimate vegetation of the site early in the planning process. Three
met hods of upland vegetation establishment exist: allow ng natural plant

i nvasi on and establishnment, planting selected species, and conbining natura
establishment with planned propagation.
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(1) Natural invasion and establishnent. The ability of propagules to
reach the upland site is the nost inportant factor in describing the potentia
for natural colonization on dredged material. This ability increases as the
di stance from a propagul e source decreases and as the size of the site and
ease with which the propagul e can be transported increase. Propagul es may be
transported over a distance by wind or water; by attaching thenselves to an
animal's fur, feathers, or feet; by being ingested and excreted by an ani mal;
or by attaching to a human. Secondary factors in the potential for natura
col oni zation include physical and biol ogical features of the site itself.
Plants growi ng and reproducing on the site will reestablish after deposition
of dredged material if the deposit was not too thick and if new substrate
conditions are not prohibitive. Plants growi ng and reproduci ng near the area
will establish only if seeds blow or are carried onto the site, if rhizomes or
ot her vegetative reproduction forns extend onto the site, and if the new
substrate conditions are not prohibitive.

(2) Planting selected species. Standard practices in agronomy are usu-
ally sufficient to handle plant propagation on upland sites. Wth appropriate
pl anni ng and nanagenent, any site can be vegetated within a few years and nost
sites within a year. Planting upland sites ensures that desirable vegetation
grows there, that substrates stabilize rapidly, and that aesthetic appearances
of disposal sites inmprove faster. The chi ef di sadvantage over natural inva-
sion is the cost involved with site preparation and plant propagati on and
est abl i shment.

(3) Conmbining natural establishnent and planting. A conbination of the
two net hods of vegetation establishnent nay be beneficial. Allow invasion to
stabilize the substrate and start nodifying the sedinments, then plant a dif-
ferent type of vegetation when the season or timing or soil conditions are
nore suitable. The reverse also is possible: to get i mediate benefits of
sel ected plantings, plant the site, then allow the site to proceed in natura
successi onal stages. Also, use subsequent deposits of dredged material to set
back vegetation succession to a nore desirable stage.

d. Selecting Plant Species and Propagul e Type.
(1) Selecting plant species.

(a) If the site is to be planted, advance consideration nmust be given
to the plant species that will create the desired habitat for the target wld-
life species. An initial selection of species should be made during the
pl anni ng phase, even though once the site is established, alternate species
may prove to be nore acceptabl e and be substituted for those originally
sel ected (item 32). Nunerous species are suitable for planting upland dredged
material sites (item39). Item 13 identifies, by state, 250 species or
speci es groups that are of benefit to wildlife and adapted to grow on dredged
materi al and presents species growh characteristics, habitat requirenents,
ranges, and tol erances of 100 of these. Item 45 identifies 50 species gener-
ally useful for dewatering and decontam nating dredged material. Item 54
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gives growth characteristics of many tree and shrub species suitable for con-
fined upland disposal areas. Itens 12, 39, and 73 sumari ze data on plants
known to grow on dredged material sites.

(b) Oher species of nore |ocal character are avail able, and many
speci es with unknown tol erances and adaptability may prove useful after field
testing. Local soil conservation service personnel and agronom sts will be
able to provide updated information on species and new varieties. Selection
of species or species mxtures to be planted at a particul ar disposal site
nmust include consideration of project goals, climte, substrate characteris-
tics, plant species characteristics, plant species availability, ease of prop-
agation, managenent requirenments, and costs. Certain species mxtures are
conmmonl y planted, such as a clover and a grass species, to take advantage of
the different properties of each. Cccasionally the m xture will not be suc-
cessful because of interactions anbng the species and because the soil is too
acidic, infertile, or conpacted.

(2) Selecting propagule type. Items 32 and 39 give the best propagul e
types for selected plant species, based on criteria of availability and cost,
ease of collection and handling, ease of storage, ease of planting, occurrence
of disease, and need for rapid vegetation establishnent. In general, seeds
are cheaper and easier to work with than vegetative propagul es such as cut-
tings, sprigs, or seeding in upland habitats. However, sonme plant species and
planting situations require vegetative propagules, e.g., to rapidly stabilize
the exterior of a sand dike.

(3) Handling plant material. If conmercial seed sources are not avail -
abl e, collection and storage of wild seeds should follow the guidelines in
item 32. Some desirable species are avail able as transplants (potted, balled
and burl apped, or bare-rooted nursery stock). However, many upland plants
that are desirable as long-term cover and food sources, such as trees and
shrubs, are not commercially avail abl e.

e. Preparing and Planting the Site.

(1) Substrate nodification. Once the dredged material has been placed
and dewatered sufficiently to allow equi pnent access, it can be nodified as
necessary. Modifications will usually be directed toward preparing the sub-
strate for vegetation establishment, and will depend on the condition of the
substrate and the exact design of the project. In upland habitats, these
activities are largely agronom c.

(a) Mechanical nodification. The site may require grading to change
t he topography that resulted fromdisposal, e.g., to nake the slope uniform by
renovi ng depressions or nounds, increase relief by making depressions or
nmounds or altering the sl ope, make islands, or raise |ow spots. Variation in
texture of the sedinents results either intentionally by disposal of nore than
one type of material or naturally through hydraulic sorting during disposal
This variation may need to be reduced to a nore uniformsoil for ease of
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seedbed preparation. This can be done by repeated passes with a bl ade or deep
pl owi ng foll owed by disking. If possible, grading should be done at the tine
of year when precipitation is |owest to reduce erosion of the bare soil
Seedbed preparation includes plow ng or disking one or nore tines to break up
clunps and aerate the soil, fill or cover desiccation cracks, even out nois-
ture content, destroy unwanted vegetation that may have invaded, turn under
green manure, incorporate soil amendnents, and in general inprove the quality
of the substrate. Preparation is best done several nonths prior to planting
and again just before planting, if |abor and equi pment are avail able. Success
of the site nmay depend especially on this process.

(b) Chemical nodification. Prior to final nechanical seedbed prepara-
tion (preferably several weeks to nonths ahead), the substrate at the site
shoul d be sanpled and the soils analyzed chenmically in the sane fashion as for
site characterization. Their properties may have been altered by dredgi ng and
dewatering fromwhat they were in the initial tests. Some of the comon
probl ems that may be found include high salinity levels, soil acidity or
al kalinity, or lack of one or nore of the essential plant nutrients at |evels
sufficient to support good plant gromh. These can be corrected with soi
amendments, | eaching, or other techniques (item 32).

(c) Biological nodification. Biological nodification of the substrate
may also aid in the success of the project. This could include such things as
renoval of existing and conpetitive vegetation by cutting, short-lived herbi-
cide application, or cultivation; gromh of a prelimnary green fertilizer
crop; or addition of farmyard manure, sewage sludge, etc., on light-textured
sands to inprove their nutrient- and noisture-holding capacity. If |egunes
are to be grown on the site, the seed should be inoculated with the proper
strain of Rhizonbium bacteriumto inprove chances of fixing adequate anmpunts
of atnmospheric nitrogen

(2) Timng. Timing of all factors related to plant establishnent is an
i mportant consideration in habitat devel opnment. Adequate planning will have
allowed lead tine to | ocate, obtain, and prepare sufficient amounts of viable
seeds or vegetative propagul es, including any period of seed dormancy. Tim ng
of planting will strongly influence plant success. For exanple, seeding warm
weat her annual s before the I ast cool period in spring will result in heavy
crop danage, and seeding the same seeds in mdsumer will result in heat and
drought stress during sprouting. Seeding of cold weather species too early in
the autum will result in sporadic germ nation, increased chances of insect
i nfestations such as arny worns, and heat and drought stress. Optimm seeding
times vary with climtic regi ons and photoperiods, and | ocal agronom c aut hor-
ities should be consulted before planting. Refer to itens 32 and 39 for
speci es-specific details on timng

(3) Planting.

(a) Tenmperature. Vegetative propagul es may be planted any tine the
ground is not frozen and any tine the day tenperatures average | ess than 68°F
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In general, March to May is best for warm weat her plants and Septenber to
Novermber for cold weather plants over nost of the United States. In the Deep
South, transplanting is usually done successfully from Oct ober through My,

wi th June through Septenmber being too hot. Dormant propagul es may be nore
readily transplanted in winter nonths. Propagules held in storage inside a
nursery or greenhouse should not be planted until tenperatures at the field
site are at |least as warm as the storage area, to | essen shock. Propagul es
held in a shady area should be gradually acclimated to sunny conditions if the
site is in the sun, to prevent blistering and death of |eaves and pl ant shock
General planting nethods are given in Itens 32 and 39; specific recommenda-
tions for local conditions can be obtained fromthe Soil Conservation Service
or county extension service agents.

(b) Methods. Methods of planting vary with the propagul e type. Seeds
shoul d be sowed in a well-prepared seedbed that has been pl owed and/or disked
to a depth of at least 6 inches. It is inportant to consider planting tech-
ni ques and equi prent, seeding rates and depths, and seed and soil treatnments
when using seed propagul es. For transplants, types of propagul es, planting
techni ques and equi prent, transplant spacings, timng of planting, plant
grom h habits, and |ong-range project goals are all inportant factors in
determ ning site success (item 32).

6- 5. Engi neering Design of Upland Sites. Guidelines for substrate design and
sedi nent protection and retention apply to both a new di sposal area or one
that may already have a retention structure and sone material placed. Design
shoul d be based on information gathered during the site description, on
results of field and | aboratory tests, and on the requirenents for the pl anned
habi tat devel opnent. The majority of the information in this section was com
piled fromitens 17, 32, and 62. Dredged material may be placed by either
hydraul i c or nechani cal methods. The hydraulic pipeline dredge is the nost
conmonly used and will continue to be the major source of dredged material to
be used for upland habitat devel opnent. Hydraulic transport of materia
assunes additional prom nence when one considers that the newer concepts for
dredged material handling systens, involving direct punpout of hopper dredges,
temporary contai nnent basins, or bucket-|oaded scows, usually involve fina

di sposition by pipeline. The pipeline dredge can di spose of material in

upl and areas through the use of shore lines or shallowdraft floating

pi pel i nes.

a. Substrate Design.

(1) Elevation. Substrate design for upland habitat devel opnent

i ncludes determination of site el evations, slope, orientation, configuration
and size (area and volune). The design must provide for placement of dredged
material to a stable elevation within the desired elevation limts, allow ng
for settlenent due to consolidation of both the sedinments and foundation mate-
rial. For fine-grained sedinments, the substrate nust be designed to provide
adequate surface area and retention tine for sedi nentati on of suspended
solids. Procedures for substrate design generally follow those established by
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items 56 and 62 for the design of conventional containment areas. The deter-
m nation of substrate elevation is governed by two limtations: the project
requires placenment of a given channel sedi nent volunme, and the size to handle
this volune within elevation linmits nmust be deternined; or the project
requires a substrate to be constructed within given size limts, and the

vol ume of channel sedinent to construct this substrate nmust be determined. In
ei ther of these cases, a correlation between in situ sedi ment vol unes and

vol unes occupi ed by the dredged material must be determi ned. The first step
is to calculate void ratios by determ ning water content of sanples of the
sedi nents to be dredged. The second is to conpute the void ratio of the
dredged material after dredging and deposition (itens 56 and 62).

(2) Sedinentation of solids. Confined disposal areas with primarily
fine-grained dredged material should be designed to retain solids by gravity
sedi nentati on during the dredging operation. Solids retention is directly
affected by the size of the confinenment area (particularly |ength and depth),
inflow rate (dependent on dredge size and operation), physical properties of
the sediment, and salinity of the water and sedinents. Itens 56 and 62
det ai |l ed separate design procedures for determ ning sedinent retention tine
requirements for fresh and saline sediments with continuous disposal. In
addi ti on, these procedures include factors influencing efficiency of the sub-
strate contai nnent, effects of short-circuiting, ponding depth, weir place-
ment, and shapes of containment. In the event that substrate contai nment does
not provi de an adequate gravity sedi nentati on basin, then one of the follow ng
alternatives nust be exercised:

(a) The size of the site nmust be increased.
(b) A smaller dredge nust be used.

(c) Intermittent dredgi ng and/or disposal operations nust be
initiated.

(3) Weir design. Retention structures used to confine dredged materia
nmust provide a neans of releasing carrier water back into the waterway, which
is best acconplished by placing a weir within the containnent area. Effl uent
quality can be strongly affected by the design and operation of the discharge
weir, with the weir length and pondi ng depth having the greatest control on
this quality. Item 82 devel oped a design procedure for defining weir length
and ponding depth to minimze the discharge of solid particles into the
wat er way.

(4) Dredged material settlement. Settlenent will occur follow ng
conpl etion of the dredgi ng operation because of the self-weight consolidation
of the dredged material |ayer and/or the consolidation of conpressible founda-
tion soils. Estimated settlements may be determ ned by procedures presented
by item 62. Once |oading conditions are deternmined, ultimte settlenents that
occur after the conpletion of 100-percent primary consolidation can be esti-
mated from | aboratory consolidation data. This settlement is not as critica
as for wetland habitats, but is inportant because of the ponding effect it
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causes. Tinme rates of consolidation for both the dredged material and founda-
tion soils are required to determ ne the relationship between the desired
final substrate elevation and tine. If the data fromthe | aboratory tests
reveal that settlenent will not neet desired el evation requirenents, an
adjustment to the substrate configuration nust be nmade to raise or |ower the
initial substrate elevation as required.

b. Substrate Protecti on and Retention.

(1) Requirements for a structure. Data gathered for the site descrip-
tion should be used to deternmine if a protective or retention structure wll
be needed for the upland site. Engineering data collected at a specific site
shoul d determ ne: anpbunt and character of material to be protected or
retai ned, maxi mum hei ght of dredged material retained above the firm bottom
degree of protection fromwaves and currents required, duration of the struc-
ture, foundation conditions at the site, and availability of construction
material. Al habitat devel opment sites may require a structure for protec-
tion of the perimeter fromerosion caused by currents, waves, or tidal action
Particul ar concern should be given to the effects of any proposed structure on
exi sting current or wave patterns. A structure positioned so that it con-
stricts the water flow will increase |local current velocities or reflect wave
energi es, and thus may encourage erosion. All habitat devel opment sites may
require structures for retention of the dredged material to allowit to
consolidate, to control the suspended solids content of the effluent, or to
protect surrounding habitat or adjacent structures. Site hydraulics, the
properties of the sedinment to be dredged, the time over which disposal wll
occur, and the existing site characteristics are closely interrelated in
determ ning the need for such structures.

(2) Selection of structure. The protective or retention structure
shoul d meet four conditions:

(a) Suitability to the project goals of dredged material disposal and
habi t at devel opnent.

(b) Practicality and ease of construction.
(c) Ease of maintenance.
(d) Reasonabl eness of cost.

Item 17 eval uates several protective and retention structures considered
technically feasible for use in terrestrial habitat devel opnent and presents

i nformati on on structure selection, applicability to specific site conditions,
and conceptual procedures for design and construction. The nost feasible
structures are often dikes constructed fromfilled fabric bags or fromsand in
noderate to | ow wave-energies in tenperate climtes (item 17). The term
“"fabric bag" covers products from several producers of sacklike containers
that can be filled with sand, sand-cenent, or concrete and used as building
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bl ocks for breakwaters, groins, revetments, or containnment dikes. Rock and
rubbl e from new work dredgi ng can al so be used.

(3) Design of structure. EM 1110-2-1902 and EM 1110-2-2300 provide
proven nmet hods for design and construction of earth- and rock-filled struc-
tures. Those procedures shoul d be used to suppl enent engi neering consi dera-
tions of elevation requirenments and earth and water pressure forces. Interna
structures may be advi sable. Cross and spur dikes are used to control circu-
lation within a disposal area, with the cross di ke commonly enpl oyed to divide
| arge di sposal areas into smaller cells, and spur di kes enployed to interrupt
direct slurry routes between the inlet and outlet. The cross dike is the nore
significant of the two structures for habitat devel opnent purposes, since use
of a cross dike allows flexibility in disposal including increnental filling
and separation of dredged material by grain size. (See Figure 15-2,

Chapter 15, for riprapped structures and cross di kes used at an upland habit at
site.)

(4) Construction of structure. Site-specific factors affecting con-
struction techni ques are: equi pment accessibility, wave and current condi -
tions, tidal range, water depth, bottom conditions, and di stance fromthe
dredging site (item 17). The construction material used and nmet hod of con-
struction are significant factors. In addition to the fabric bags previously
di scussed, three basic types of retention structure construction exist:
haul ed di kes, cast di kes, and hydraulically placed dikes (item 30). Construc-
tion techniques for retaining walls, sills, breakwaters, gabions, and ot her
structures are highly site specific and should be determ ned on a case-by-case
basis (item 30).

6- 6. Ecol ogi cal Design of the Upland Sites. Planning for a habitat devel op-
ment site should be based on sound ecol ogi cal principles and should attenpt to
make efficient use of available resources in reaching the goal. The two maj or
resources that can be mani pul ated for habitat devel opment are substrate (in
this case, dredged material) and vegetation. Al previous aspects of planning
should be united in the ecol ogical design of the site for proper placenment of
dredged material and vegetation

a. Placement of Dredged Material. Many aspects of the engineering
desi gn of an upland disposal site are directly related to the site’s potentia
bi ol ogi cal characteristics. Physical appearance of the site is particularly
i mportant, and structures, configuration, size, elevation, topography, tim ng,
and site interaction with surroundi ng habitats must be considered for ecol ogi-
cal integrity of the upland site.

b. Placenent of Vegetation. Presence or absence and patterns of
vegetation are critical factors in habitat devel opnent. Such ecol ogi cal con-
cepts as structural diversity, conmmunity size, species patterns of abundance,
and biotic succession are pertinent. Specific concepts that should be applied
to upland habitat design are diversity, ecological succession, habitat
patterning, and vegetation structure and function.
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6-7. Dredgi ng and Di sposal Operations.

a. Construction. The first step in construction of an upland habitat
devel opnent site is to build a protective or retention structure, if called
for in the project design, or to nodify an existing structure or site (e.g.
rai se a di ke or add drainage). Some site preparation may be necessary,
per haps construction of an access route or renmoval of vegetation. Access for
equi prent and pi pes should be built to minimze damage, especially to wet-

l ands. Unless the project calls for shall ow di sposal and recovery of plants
present on the site, vegetation to be covered should be nowed or cut to pre-
vent recovery after disposal or to prevent dead branches and shrubs from pro-
truding. Clearing and grading are required along the dike alignment to all ow
construction.

b. Dredged Material Placenent. A significant anmount of nmateria
rehandling is sometinmes required in devel opi ng upl and habitat because the
final distribution of material at the site is inmportant. This handling can be
reduced if the initial location and distribution of the coarse- and fine-
grai ned fractions of the dredged naterial are controlled. One neans of con-
trol is to take advantage of the differential settling characteristics of the
various sized particles in the dredged slurry. Another nmeans is to operate
t he dredgi ng plant and peripheral equiprment in a manner that will produce the
desired substrate (itemd4). For the majority of disposal operations, the
criteria for locating the discharge pipeline in the disposal area have been to
mai ntai n an adequate flow distance relative to the weir, keep the di scharge
end of the pipeline a safe distance away fromthe interior slope of the dike,
and m nimze the punping distance fromthe dredge. The criteria are directed
at preventing short-circuiting or channelization of the flow through the con-
tai nment area, avoiding scouring danage to di kes, and m ni m zi ng punping
costs. Sone nodifications of these pipe location criteria may be required if
advantage is to be taken of particle size differential settling character-
istics for habitat devel opnent. Coarse-grained material encountered during
dredgi ng operations can be taken advantage of wi th end-of-pipe operations. If
the character of the sedinment-water slurry being transported is known before-
hand or can be determ ned by nmonitoring at the dredge or at the end of the
pi pe, then the coarse material can be diverted by use of a wye connection
wi t hout interrupting the dredgi ng operations or the dredgi ng sequence. The
diverted material can be placed directly in the desired |ocation hydraulically
or stockpiled for later use in habitat devel opnent. Stockpiling and subse-
qguent rehandling of the material are roughly equivalent to obtaining the mate-
rial froma source outside the disposal area and involve the use of additiona
or suppl enentary equi pnent.

c. Containnent Area Operation. Activities during substrate materia
pl acenent are ainmed at the retention of solids and production of an effl uent
that will nmeet criteria for release into the waterway. Operational diffi-
culties, such as channelization of the dredged slurry and insufficient ponding
depth, may result in excessive amounts of solids |eaving the disposal area
through the weir. This is counterproductive and usually violates |aws and
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regul ations. Therefore, it is reconmended that during and after the di sposa
operation a well-planned nonitoring programbe inplemented to ensure that
suspended solids in the effluent remain within acceptable environnmental
limts. Suspended solids retention can sonetinmes be increased by increasing
pondi ng depths through efficient operation of the weir. Concepts of contain-
ment area managenent instituted i mediately followi ng the conpletion of a

di sposal operation are also inmportant to successful inplenentation of a habi -
tat project. The npst inportant aspect of dredged material disposal area
managenment was to renmove all surface water as fast as possible to enhance sur-
face drying (item4). This conclusion can be extended to include terrestria
habi t at devel opnent since extensive site activity must usually wait until the
substrate is trafficable. In addition, working the area to a gentle slope
toward the effluent point allows efficient drainage of surface water, and
evaporative dewatering can be supplenmented by transpiration by vegetation

d. Quality Control. Specifications for all phases of construction
shoul d be detail ed and clear. Thorough inspection of all operations will
ensure that the work is in conpliance with plans and specifications for upland
habi t at devel opnent and any mitigation requirements, and will mean fewer post-
dredgi ng operations and | ower project cost.
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CHAPTER 7

| SLAND HABI TATS

7-1. Cener al

a. One hundred years of active dredging operations by the CE, state
agencies, and private industry has resulted in the creation, by placenment of
dredged material, of over 2,000 man-made i sl ands throughout U.S. coastal
Great Lakes, and riverine waterways (item 40) (Figure 7-1). These islands are
of varying sizes and characteristics and presently range in age fromnewy
formed ones to those estimated to be 50 years old, Although the majority of
the islands were nmade by the CE, many are owned or managed by ot her Federa
agenci es, state governnents, conservation organizations, or private citizens.
The CE continues to maintain an interest in these man-nmade islands because of
its responsibility in using environnmentally acceptabl e disposal nmethods and
sites, the continuing need for disposal sites, the need for wildlife habitats
in waterway areas, and the islands’ recreation potential (item51). The rapid
increase in the U.S. population and the correspondi ng demand on natura
resources have hel ped to cause a gradual change in the use of the islands by
wildlife and a need for reassessment of their role as habitats. Natural sites
have been altered and occupi ed by nan through industrial, housing, and recrea-
tional devel opnent to such a large extent that some areas of the United States
no | onger have coastal islands that are still suitable wildlife habitat.
Dredged material islands have provided this vital habitat in many areas.

b. The primary wildlife species needing dredged material islands as
part of their life requirenents are 37 species of col onial-nesting waterbirds:
pel i cans, cornorants, anhingas, herons, egrets, ibises, spoonbills, gulls,
terns, and skinmers. Several of these species are rare, threatened, or
endangered t hroughout |arge parts of their ranges (Figure 7-2). An estimated
2 mllion are nesting on over 700 of these dredged material islands in
U S. waterways, especially along the Atlantic and Gulf coasts from Long I sl and
to Mexico. Islands can offer these birds protection from ground predators,
secl usion from man, and nesting substrates simlar to those found in tradi-
tional nesting sites. The birds are especially vul nerable during the nesting
season when they concentrate for several nmonths in colonies and remain in them
until their chicks have fledged. These waterbirds are protected by Federa
laws since they are migratory species. These | aws make destruction, harass-
ment, or disruption of nesting colonies of birds illegal, including those on
dredged material sites. State |aws often back up these Federal regulations in
of fering protection to nongane species.

c. In general, the correlation between increases in human popul ati ons
and decreases in waterbird popul ati ons holds true. The only exceptions exi st
when alternate habitats such as dredged material islands beconme avail abl e.
Huge declines in waterbird nunbers have stabilized somewhat, partly as a
result of the creation of islands, and wi thout which waterbird popul ations
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Figure 7-1. A dredged material island in Florida
typi cal of those built in the U S. Intracoastal
Wat er way

Fi gure 7-2. Endangered brown pelicans nesting
on Gaillard Island CDF, their first nesting in
Al abama in over 80 years

7-2
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woul d be 50 percent or less of present levels (item73). Detailed research
and di scussion on islands built of dredged material are presented in itens 40
and 73. CGuidance for selection of island devel opnent as a disposal alter-
native is presented in Figure 7-3, and details for the selection process are
presented in item 72

7-2. | sl and Devel opnent and Managenent. Although many col oni es of birds
presently are nesting on dredged material islands, there are nunerous charac-
teristics of these islands that could be inproved by nanagenent to enhance the
avai |l abl e habitat, and there are several ways dredgi ng operations can be
altered to benefit the nunerous sea and wading birds and other wildlife on
dredged material islands. Devel opnent and managenent of dredged nmateria
islands for avian wildlife will also usually provide essential habitat for
smal | er mammal s and rodents that use the islands, and covers a broad spectrum
of techniques. In sone cases, small nmammals nmay act as bird predators, so
their col onization should not be encouraged.

a. Habitat Changes.

(1) Basically, devel opment/ managenent of an island for colonial sea and
wadi ng birds is concerned with habitat manipul ati on, habitat establishment,
and habitat protection. Manipulation of habitats, by far the nost likely
technique to be used by engineers, would include proper placenent of dredged
material to maintain or reestablish habitats, increase the size of existing
i sl ands, and/or change configuration, elevation, vegetation, and other fea-
tures for nore desirable habitats. Mnipul ati on of habitats would incl ude,
for the biologist, establishment of new vegetati on and managenent of existing
veget ati on on islands through various agrononic and horticul tural techniques.

(2) Establishnent of new habitats is desirable when nesting habitat is
I acki ng and new i sl ands must be created, with the resulting need for vegeta-
tion establishnent; when nesting habitat is expanded by an addition to an
exi sting island which nmust be established with vegetation; or when undesirable
nesting habitats (vegetation) occurring on islands nmust be cleared out and
desirabl e habitats established in their place.

(3) Habitat protection nay be acconplished by island posting or fencing
for isolation. Most bird species are already protected by law, but their
habitats are not protected except during the tinme they are occupied by the
nesting birds. Year-round protection to prevent destruction of habitat from
year to year and seasonal protection to prevent nesting col ony disruption by
humans and predators are necessary.

(4) Managenent of existing islands has been denpnstrated to be an
ef fective disposal technique and wildlife managenent practice. Considerable
potential exists for the disposal of dredged material and the creation or
i mprovenent of avian habitat. Managenent of existing dredged material islands
is nmost desirable because the potential environnental inpacts of disposing on
an existing site are less than those of devel opi ng new i sl ands.

7-3
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b. Use of Dredging Operations on Existing Islands.

(1) The CE has provided habitat incidental to project purpose since the
agency first created dredged material islands. Since that time, islands have
been kept in various stages of plant succession through dredged material depo-
sition from channel maintenance operations. These operations can have a sig-
ni fi cant positive inmpact on waterbird breedi ng popul ations (Figure 7-4).

Thr ough proper planning the positive inpact of regular maintenance dredgi ng
could be increased. Since past dredgi ng operations have been carried out with
little or no regard for nesting birds, nany areas do not have adequate diver-
sity of nesting habitats. Some areas |ack ground nesting habitats while
others | ack woody habitats. Item 73 reports habitat needs that could be
satisfied by dredging operations in all the regions studied. Needs for bare
ground nesting areas and nore tree/shrub habitats exist on al nost every part
of the U S. coast. The rate at which various habitats appear on an island
after receiving dredged material and an estimate of their |longevity have been
determ ned (itens 40 and 73).

(2) Once site-specific needs are known, nesting habitat management can
easily beconme a part of the regul ar maintenance dredgi ng process. To maintain
target habitat diversity for certain bird species, islands in any given area
woul d have to be selected to receive periodic depositions of dredged materi al
Restrictions agai nst dredged material deposition on all or parts of sone
i sl ands may be necessary in order to allow habitats for tree nesting birds to
devel op or to preserve existing tree habitats (Figure 7-5). The feasibility
of these managenent recommendati ons has al ready been denonstrated by the
Wl mngton District. They have been practicing such managenent on a | ocal
annual basis for several years and have devel oped a | ong-range col oni al sea
and wadi ng bird managenent plan for the | ower Cape Fear River estuary which
i ncl udes mai nt enance dredgi ng and pl acenent and tim ng of dredged materia
depositions on existing islands.

c. Building New Islands.

(1) Construction of new islands would be desirable under some condi -
tions. If it has been denonstrated that there is a need for nesting habitat
in an area | acking suitable islands, and if the benefits for the birds wll
exceed any negative effects of construction of an island to benthic organisns
and current flow, then an island could be built. However, islands should not
be placed in areas where they woul d be used for recreational purposes during
t he breeding season, thus elimnating or severely reducing their wildlife
val ue.

(2) In nost areas there is no need for nore islands for col onial nest-
ing birds or other fornms of wildlife. Managenent of existing islands should
be given first priority. There are areas, however, where additional nesting
habi tats woul d be beneficial and existing dredged material and natural islands
are not available to fulfill that need. Establishment of need should be
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Figure 7-4. Royal and sandw ch terns nesting on dredged

material islands in North Carolina, where successiona

vegetation stages are deliberately set back with dis-
posal operations to maintain tern nesting habitat

Figure 7-5. Wody habitat on Little Pelican Island, a

dredged material island in Galveston Bay, Texas, which

is not often disturbed by disposal, and continues as a
heron, egret, spoonbill and ibis nesting col ony

7-6
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determ ned by consultation with know edgeable wildlife biologists or by field

studies. Generally, construction of new islands for wildlife will not be
feasible unless it can be denonstrated that the anticipated positive inpacts
on the target species will outweigh any negative inpacts on the environnment.

However, it would be desirable to construct a linmited nunber of new islands in
various regions of the United States for study purposes and to obtain baseline
data. As nore natural sites are taken over by nman, strategic placement of new
sites may becone nore val uabl e as a managenment tool. The present know edge of
bird utilization is based primarily on enpirical observations of existing
dredged material islands, and nore baseline data are needed.

(3) In addition to establishnent of need, the feasibility of newisland
construction will be dependent on the concerns of Federal and state agencies
and the private sector. These concerns vary considerably anong the regions of
the country. However, it has been proven that construction of new islands for
birds and other fornms of wildlife is feasible. The Wl mngton District con-
structed two islands in Core Sound, North Carolina (Figure 7-6), and the
US Arny Engi neer Waterways Experinment Station (WES) has built or nodified
several islands for habitat devel opnent. The two North Carolina islands were
unique in that they were the first to be constructed and placed in a manner to
deliberately create habitat for colonial sea birds and aquatic life, and they
were retained by the use of large nylon sand-filled bags. The sites were
designed so that during future maintenance dredgi ng of the nearby navigation
channel, material could be added to themw thin the existing sandbag
retai ners, and nore sandbags may be added to create higher retention dikes.
The ki dney shape of the islands forned a small cove where it is expected that
a marsh will devel op and benthic organisms will thrive. Marsh around the
i sl and was given a boost by the planting of smooth cordgrass and sal t readow
cordgrass around the perineter. The islands were placed in an area w th ade-
quate shall ow water and food resources but with a scarcity of bare ground
nesting habitat. Gull-billed terns, comon terns, |east terns, and bl ack
ski mers nested on the islands during the first breeding season after con-
struction. A nunmber of islands have now been built in Florida, Al abamg,

Texas, Louisiana, and the Great Lakes with waterbird habitat devel opnment as a
secondary project goal

(4) Site location of an island should be worked out with know edgeabl e
wi ldlife biologists and concerned agencies to establish the best |ocation.
Buil ding an island in an area that does not conformto the biological and
engi neering specifications outlined herein would fail to produce the desired
wildlife habitat. The islands nmust be placed where the birds will be isolated
from predators and human di sturbances, unless the islands are going to be
actively protected by wardens. Wth active protection, colonies of sea and
wadi ng birds have been successful close to human activities and have provided
tourist attractions that could be observed from outside the colony (item 40).

(5) Timng of island devel opnent is inmportant. ldeally, an island
shoul d be built during the fall or winter preceding the initiation of the next
breedi ng season. The birds generally do not use a site until after the
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Figure 7-6. A new dredged material island built by WI nm ng-

ton District in Core Sound in 1977 for seabird nesting

habitat. The island is still being used for disposal, and
is also a very successful nesting site.

Figure 7-7. An addition built by Jacksonville District to
Sunken Island in Hillsborough Bay, Florida, during mainte-
nance dredgi ng operations. It was built as seabird nesting
habitat in cooperation with the National Audubon Society.

7-8
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initial sorting of fine materials by wind and water. If it is built in the

spring, this sorting will not have had time to take place, and any col ony of
birds trying to nest there may not be successful. Their eggs may be covered
by drifting fine material. In addition, they cannot use a site until it has

had adequate tine to dewater.

(6) The physical design of an island is inportant. In general, islands
nmust be permanently energent at high water |evels; birds have been found nest-
ing on all sizes and shapes of islands as long as they net this crucial breed-
i ng requirement. However, observations of hundreds of bird col onies on
dredged material islands and the kinds of islands they select has led to four
cat egories of recomrendations: size, configuration, substrate, and el evation
(item 40). Whether an island is diked or undiked can make a significant dif-
ference in bird use.

(a) Ideally, newislands should be no smaller than 5 acres and no
| arger than 50 acres; however, birds have been found nesting on both snaller
and | arger islands, and this is a highly site- and species-specific feature.
I sl ands | arger than 50 acres would generally be difficult to manage and woul d
al so be nore likely to support predator popul ati ons such as coyotes, snakes,
foxes, feral cats and dogs, rats, and raccoons. |slands between the two
extremes can be nore easily nanaged, and considerabl e habitat diversity could
be achi eved on them Generally, the greater the anpbunt of habitat diversity
to be maintained for wildlife populations, the larger the island should be.

(b) The configuration of an island will depend on the target wildlife
speci es. Steep slopes such as those found on di kes shoul d be avoi ded for al
species. A slope no greater than a 3-foot rise per 100 feet has been recom
mended (item 73). Substrate configurations for the ground nesting species are
given in item 73. Many bare ground nesters nust have gentle slopes to prevent
their eggs fromrolling fromnest scrapes. There is also evidence that the
formation of a bay or pond with the island nakes it nore attractive to nesting
birds (item 40).

(c) The general nesting substrate requirenments of colonial bird species
are given in item 73. Cenerally, coarser materials such as sand or cobble
make better nesting substrates due to greater stability. Fine materials such
as silts and clays are subject to wind and rain erosion, and usually have
desiccation cracks, settling, and ponding. A mxture of sand and shell nmate-
rial nakes good nesting substrate for nost of the ground nesting birds which
prefer sandy beach areas. These bird species historically nested on sandy
beaches before being forced off by human use. Fine, unstable dredged materia
may be stabilized to form suitable nesting substrate by addi ng coarse nate-
rials such as shells over its surface or by planting a ground cover on the
material to provide vegetation for those species which prefer that kind of
habi tat, such as the Forster’s tern or laughing gull. Tree nesting species
obvi ously prefer woody vegetation, and these trees and shrubs often col oni ze
best on silty, nore fertile substrates. Selected plant species of shrubs and
trees which are discussed in item 73 may be planted on the sites since there

7-9
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are several plant species which seemto be preferred over others by tree nest-
ing birds. If plant propagation is to be a part of a management schene, these
speci es should be given first consideration

(d) Elevations of constructed islands should be high enough to prevent
flooding of the areas that could be used by waterbirds for nesting. However
el evations do not need to be so high that the substrate will not becone
stabilized due to wind erosion. CGenerally, the optinmal elevation for an
island is between 3 and 10 feet above nmean high water. The desirable el eva-
tion to be achieved will depend on texture of the exposed dredged nateri al
wi nd exposure, and the habitat objectives or target species. Coarser mate-
rials may stabilize at higher elevations than finer materials. If islands
could be constructed of coarser material for ground nesting birds, then it
woul d be acceptable in some cases to exceed the recomended el evation. In
general, the higher the elevation, the slower the island will be col onized by
plants. Therefore, |ower elevations to achieve plant cover for sone ground
nesting species and all tree nesting species should be considered where those
are the target wildlife species and where substrates are of fine-textured
material. It should be remenbered that given the proper substrates and vege-
tation for nesting, none of the species using dredged material islands for
nesting choose one el evati on over another as |ong as they are above the tide
or flood lines.

d. Dredged Material |sland Additions, Additions to islands may be a
useful managenent tool if valuable nesting sites are altered by erosion unti

they have to be eventually abandoned. Additions to such islands will prolong
their useful ness as nesting habitats. Additions to islands which are covered
with vegetation will increase habitat diversity by providing sone bare ground

habitat, at |east tenporarily, for those forns of wildlife requiring bare
ground (Figure 7-7). In south Florida, additions may be done in such a manner
t hat encourages growth of mangroves, an excellent nesting substrate for tree
nesting birds. Col oni es have responded favorably to island additions, espe-
cially bare ground nesting species along the gulf and Atlantic coasts.

e. Confined Disposal Facilities (CDFs). In the Geat Lakes and a
nunber of ports along the eastern and gulf coasts, CE Districts have con-
structed | arge, permanent, diked islands for maintenance dredgi ng. These
i slands are sonetinmes over 1,000 acres in size, often well-arnmored, and in
nost cases designed for permanent contai nnent of contam nated sedi nments,
especially along the mid-Atlantic to New York coast and in the Great Lakes.
These islands are located up to 3 miles fromshorelines and are relatively
isolated. Fromthe tine of their construction, they have been used nore and
nore by nesting and | oafing seabirds. Jacksonville, Mbile, Detroit, WI mng-
ton, and other CE Districts considered seabird use in design and managenent on
newer CDFs, and the seabird col oni zati on has been spectacul ar in severa
cases. Management on CDFs generally consists of continued protective isola-
tion, wildlife nmonitoring, and posting. Vegetation managenent has not yet
become a problem on any of these relatively new islands.
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f. Protection of Bird Col oni es.

(1) Since the primary users of dredged material islands are the sea and
wadi ng birds which nest in colonies, and the lack of isolation and protection
is one of the primary problens these birds face, this species group would be
greatly benefited by the provision of protection of colonies and nesting
areas. They are already protected by Federal |aw and regulation as migratory
species. Since this does not protect habitat unless the nigratory aninmal is
present, it can sonetinmes be detrinental for |ong-term protection purposes.
In addition, some states have | aws and regul ati ons designed to give protec-
tion. A nunmber of endangered or threatened species nest in colonies on
dredged material islands. It has been shown repeatedly throughout North
America that, in general, protected col onies are successful and unprotected
colonies are not. Every Federal and state agency and individual has the
responsibility to see that its actions are not in violation of |aws which
protect wildlife. To ensure conpliance with the |aw, maintenance operations
i nvol vi ng pl acenent of dredged material should be conducted in a manner which
will not disturb the bird col oni es. Managenent shoul d include proper care
during placenent of dredged material, surveying, and dike construction

(2) Public education concerning the vulnerability of col onial-nesting
birds has the potential of being a valuable nanagenment tool. Through various
public affairs channels, the general public could be made aware of the val ue
of dredged material islands to colonial birds. At the sane time they could be
i nforned that the continued di sposal of dredged material may be a viable nman-
agenment option.

(3) O her protective nmeasures for col onies which are val uabl e manage-
ment tools include posting of colonies with signs such as those used by Mbile
and Portland Districts, fencing, designation of certain colonies as sanctu-
aries, limting of scientific study (and thus disturbance of the birds by con-
stant observation and neasurenments), and control of wildlife predators such as
raccoons, foxes, and feral animals.

g. Veget ati on on Dredged Material Islands.

(1) A nunber of suitable plant species could be planted on islands that
woul d increase the islands’ attractiveness to wildlife and especially to col o-
ni es of nesting sea and wading birds (itens 39 and 73). Dependi ng upon the
wildlife species specific requirenents, a variety of suitable plants could be
used in a managenment plan for islands. No plantings would be necessary for
ground nesting species in nost cases, although sone of these species use
sparse herbs and grasses for nesting. Since tree nesting species require
tree/ shrub habitat, planting of this vegetation type on islands woul d hasten
wildlife use by nore quickly providing suitable habitat. Wody habitat wll
require 5 to 30 years to devel op, dependi ng upon the region and climtic
condi tions.
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(2) Another aspect of vegetation on islands is that sonetinmes it mnust
be controlled in order to provide the proper or desired habitat for target
wildlife species. Vegetation control would be necessary if habitat for ground
nesting speci es was scarce and there was an abundance of other habitats or if
the wrong species of trees were growing on an island that precluded nesting or
other wildlife use. Sonme of the control methods that have been successfully
tried on dredged material islands are nmechanical renmoval (tractors, tillers,
chain saws, axes), hand renmoval (pulling up plants by their roots), controlled
burni ng, and applications of herbicides. Controlled burning is not very suc-
cessful because new growth will begin i mediately. Herbicides should be care-
fully applied according to directions; they have been found to be extrenely
effective on islands in North Carolina.

7-3. Devel opnent _and Managenent Probl ens.

a. Nuner ous potential problenms may be encountered in buil ding and/or
managi ng dredged material islands. A key to success in the early planning
stages is cooperation and coordination with Federal, state, and | ocal agencies
with regulatory authorities. Many obstacles to project success could be
renoved by correct planning and public awareness efforts before the project
actual ly begins.

b. The devel opnent of specifications for dredged material disposal to
devel op islands for habitat and simultaneously satisfy the need to di spose of
a given ampunt of dredged material requires considerable care. Specifications
shoul d i nclude: exact |ocations, tine of disposal, size of deposit, elevation
of deposit, and novenent of disposal pipes to ensure that habitat plans are
carried out. Onsite nonitoring is highly desirable and is necessary when dis-
posal is onto an island with an existing bird colony or popul ation of vul ner-
able wildlife.

C. Silt curtains (effective only in certain parts of United States
under certain soil conditions) or tenporary di kes sonetimes may be required in
di sposal activities, and if a dike is built on an existing island and fill ed,
the di ke should usually be at |east partially renoved or breached to all ow
ground access to water by young birds. This will require return to the site
by earth-nmoving equi pnent. Dikes do not need to be erected until just prior
to di sposal use for best use by wildlife. Periodic nobnitoring to determ ne
aftereffects of disposal will provide useful information for future di sposa
efforts.

d. The public is seldomaware of wildlife needs. Severe damage can be
inflicted on a colony by sinply fishing or boating adjacent to an island
during the nesting season through di sturbance of young and adults. Surveying
and di ke construction activities could also disrupt nesting birds. Education
of both the general public and dredgi ng personnel is needed. An information
program shoul d be a part of every ongoing or planned dredgi ng operation
Positive public opinion regardi ng di sposal operations of dredged material in
North Anmerica may inprove public acceptance and understandi ng of dredged
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mat eri al di sposal operations, and allow nore of this resource to be devel oped
for the benefit of North Anerican wildlife.
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CHAPTER 8

AQUATI C HABI TATS

8-1. Ceneral

a. Aquatic habitat devel opment is the establishment of biological com
munities on dredged material at or bel ow nean tide in coastal areas, and in
permanent water in |akes and rivers. Potential devel opments include such com
munities as tidal flats, seagrass neadows, oyster beds, clamflats, fishing
reefs, and freshwater aquatic plant establishment. This habitat devel opnent
alternative has great potential that is just now beginning to be realized
t hrough various District projects. The bottom of many water bodi es poten-
tially could be altered using dredged material; this could sinultaneously
i mprove the characteristics of the site for selected aquatic species and
permt the disposal of significant quantities of material (item 72).

b. A nunber of applications of this alternative have been nade by CE
Districts in recent years, including devel opnent of razorshell clamsites in
Portland District, creation of gravel riffles in the Tennessee- Tonbi gbee
Waterway in Mobile and Nashville Districts, razor clam and nussel habitat in
St. Paul District, and establishment of artificial fishing reefs in a nunber
of Districts. Unsuccessful attenpts to establish seagrasses on dredged mate-
rial have been made, and is a concept to be reattenpted using the newest tech-
ni ques and very careful site selection

C. The recent creation of an underwater berm using coarse-grained
dredged material has been tested at Virginia Beach, Virginia, in Norfolk Dis-
trict. This will not only provide aquatic habitat, but will serve to protect

the shoreline through storm wave dissipation, sand stockpiling for beach
nouri shment, and allowing a reduction in maintenance dredging in some tida
inlets. Three snmaller sites have al so been devel oped as underwater berns for
aquatic habitat: Thinble Shoal, Virginia, in Norfolk District; Kings Bay,
Georgia, in Jacksonville District; and Charl eston Harbor, South Carolina, in
Charl eston District.

8-2. Aquatic Habitat Devel opment. Linmited aquatic habitat devel opnent has
been tested in Florida (items 72 and 77), the Great Lakes, and several west,
east, and Gulf coast Districts. It is a still-devel oping concept, with rmuch
still unknown about what is likely to be encountered or considered at any
site. Each aquatic habitat site should be approached as a uni que situation
until further guidelines are nade avail abl e.

a. Advant ages. Several advantages to aquatic habitat devel opnment are
recogni zed. It provides high biological production, has a potential for wide
application, conplenments other habitats, and provides habitat where none pre-
viously existed or had been destroyed. Aquatic habitats nay be highly produc-
tive biological units. Seagrass beds are recognized as exceptionally val uabl e
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habi tat features providing both food and cover for many fish and shellfish.
Oyster beds and clam flats have high recreational and comrercial inportance.
Fishing reefs built on flat, relatively sterile |ake, river, or bay bottons
provi de habitat diversity, food, and cover, as well as recreation for fisher-
men. Dredging material disposal projects inpacting aquatic comunities pre-
dictably incur strong criticism and in these cases reestablishment of simlar
conmunities may be feasible as a mtigation or enhancenent technique. In many
instances it nay be possible to establish aquatic habitats as part of a wet-

| and habitat devel opment project. This concept potentially has very w de
application, as nost dredging projects are flanked by open water. Often, the
sel ective subaquatic placenment of material will both enhance the disposal site
and accommpdate | arge amounts of dredged material. In the case of fishing
reefs built of dredged material, the material is usually bedrock or rubble
from new work dredging operations suitable for reef formation. This kind of
dredged material is also well suited for oyster and cl am bed devel opment since
it gives oysters and clans places to attach

b. Di sadvant ages. The primary and overridi ng di sadvantage of aquatic
habi t at devel opnent is an inadequate understandi ng of techniques for applying
this alternative. Careful site-by-site determination combined with |ocal bio-
| ogi cal and engi neering expertise is necessary. Seagrass establishnment to
date has largely been on disturbed sites that did not involve dredging (itens
76 and 77), and its application to disposal sites thus far has been very
limted. Devel opment of freshwater aquatic habitat has been Iimted to pro-
viding protective structures via barge-transported coarse-grained material to
al l ow natural plant devel opment, in the case studies listed in para 8-Ib

8-3. GQuidelines for Aquatic Habitat Devel opnent. The | ack of nore specific
engi neeri ng and environnental guidance on aquatic habitat devel opment shoul d
not elimnate the consideration of this alternative. References which provide
gui dance by experts in coastal areas include items 64 and 76-78. Myst aspects
of habitat devel opment presented in the prelimnary assessment and the
detail ed evaluation of feasibility (Figure 4-6) will be applicable to aquatic
habi t at devel opnent. O particular significance will be hydraulic energies

al ong the bottomand circul ati on patterns. The interaction of the texture of
the material with the hydraulic energies of the site will be significant, as
the material must provide a stable surface substrate. The possibility that
alteration of the bottom configuration of a waterway coul d adversely affect
current patterns should be carefully considered, especially with fishing reefs
and protective structures for freshwater aquatic plants. In |large projects or
in those projects where sone question exists regarding the inpact, it my be
advi sabl e to devel op physical, chem cal, and biol ogical nodels of the aquatic
systemprior to project inplementation

8-4. Design of Seagrass Habitat. There are few well-docunmented exanpl es of
seagrass habitat devel opnent on dredged material, though a few successfu
transpl ants have been nade in southern California and on one site in Florida.
Reveget ati on of reclainmed subtidal bottom has been successfully acconplished
(item 76), and results fromthese projects can be applied to dredged materi al

8-2
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Transpl anting techniques are described in item 76. Figures 8-1 and 8-2 show
the coring nethod of transplanting plugs, in this case, of shoal grass at Port
St. Joe, Florida. Figure 8-3 shows a bareroot propagule of eel grass. Figure
8-4 shows turtle grass being transplanted into sand. Seagrass devel opnent

will help stabilize dredged material through the binding action of roots and
rhizones, and in the dissipation of wave and current energy, thereby reducing
er osi on processes.

a. Location. Seagrasses normally occur along shorelines with | ow wave
and current energies. Devel opnment of seagrass habitat in higher energy areas
will require permanent protection with breakwaters or planting w thin |agoons

created within dredged material islands.

b. Depth. Bottom el evati ons within seagrass beds extend from nmean | ow
water to -2 min estuaries and -10 min coastal environnents.

C. Water Quality. Surveys to predict expected annual fluctuations in
water quality at a site will be needed to assess suitability. Data should be
coll ected as frequently as possible so that the site can be adequately charac-
terized. Presence of natural seagrass beds in the vicinity of a proposed site
will also be a strong indicator of general water quality suitability.

(1) Light. The forenost need of seagrasses is sufficient |ight pene-
tration through the water columm to support growth. Hi gh water columm tur-
bidity is an indication that a site is not suitable for habitat devel opnment.

(2) Salinity. Myst of the conmon species of seagrasses require salini-
ties greater than 20 ppt, though sone local variations may exist where plants
tolerate salinities as low as 10 to 15 ppt.

(3) Tenperature. Though seagrasses require relatively | ow energy envi-
ronments, the area needs to be well flushed and currents nust circulate to
prevent |ethal tenperature extremes from occurring.

d. Sedi nent Type. Sediment grain size is not usually a linmting
factor, as npbst seagrasses can tolerate a wi de range in sediment from coarse
sand to nud.

e. Veget ati ve Establishnent.

(1) Plant selection. In nost geographic regions, species selection
wi |l be based on salinity, though al ong the southeast Atlantic and Gulf coasts
where two or three seagrass species occur, other considerations need to be
made. In this area, environmental tol erances or species growh rate may be a
prime factor in species selection (item 48).

(2) Propagul e selection. Seagrass habitat devel opnent is al nost exclu-
sively restricted to transplanting mature plants from a donor bed, as nursery

8-3
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Fi gure 8-1. Renoving plugs of shoal grass from an existing bed
near Port St. Joe, Florida. They were transplanted on a nearby
dredged material site.

Figure 8-2. Tenporary storage for the shoal grass plugs was
provi ded by containers of seawater, which were transported to
the dredged naterial site by skiff.
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Figure 8-3. A bareroot propagule of eel grass ready for
transplantation. This is the nost efficiently handl ed and
cost effective type of propagul e.

Figure 8-4. Transplanting a bareroot propagule of turtle grass
on a sandy site. The transplant is held in place with a |ong
stapl e, which prevents waves and currents fromwashing it out.

8-5
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stock is currently unavail able. Mature plants reproduce by branching.
Met hods using seeds or seedlings have not been adequately devel oped.

(3) Plant spacing. The rate at which seagrass will cover the bottomis
dependent on species growmh rate and spacing of transplants. Sonme species are
much faster growi ng than others. Spacing guidelines can be found in item 76

(4) Handling plant material. Plants need to be handled as carefully as
possi ble to avoid damage to roots and shoots. Turtle grass nmeristematic
tissue protection is critical for that species’ reproduction. Short-term
pl ant storage (hours) can be in well-aerated containers, while | onger term
storage (days, weeks) should be in floating pens or flow ng seawater tabl es.
Pl ants shoul d never be directly exposed to sun and air for nore than a mnute
or two.

(5) Pilot propagation study. In a seagrass devel opment project where
there are unknown factors such as water quality, rate of plant spread, or |ack
of experience in simlar projects, it is prudent to conduct a pilot study. A
pilot project is particularly advisable if the project is a |large and costly
one. A pilot study’'s main purpose is to determ ne whether or not the propa-
gules will grow under conditions found on the site. The study can be con-
ducted in less than a year, but the test species should be allowed to grow for
one full season before conclusions are drawmn. Such a project should be of
sufficient size that it will accurately reflect future operational difficul-
ties. The size of the pilot study is linmted only by the desired tests, the
time available for such testing, and funding. A sinple statistical design
will permt quantitative evaluation of the study where prediction of degree of
success or failure can be made. The success of these plants can generally be
eval uated by observation of survival. Test plots established should be eval u-
ated on a regular basis to determ ne survival and grow h.

(6) Time of planting. Al nost without exception, spring is the best

time for planting seagrasses. Transplanting can be successful in other sea-
sons, but with | ess overall survival

8-6
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CHAPTER 9

BEACHES AND BEACH NOURI SHMVENT

9-1. Ceneral. Shore erosion is a major problem al ong nany ocean beaches and
the shoreline of the Geat Lakes. One of the npbst desirable, cost-effective
shore protection alternatives is beach nourishment (Figure 9-1). Beach nour-

i shment is usually acconplished by borrowi ng sand frominshore or offshore

| ocations and transporting the sand by truck, by split-hull hopper dredge, or
by hydraulic pipeline to an erodi ng beach. These operations result in nmassive
di spl acenment of the substrate, changes in the topography or bathymetry of the
borrow and repl eni shment areas, and destruction of nonnotile benthic com
muni ti es. However, a well-planned beach nourishnent operation can nminimze
these effects by taking advantage of the resiliency of the beach and nearshore
environnent and its associated biota, and by avoi ding sensitive resources
(item 67).

9-2. Types of Beach Nourishnent. Four mmjor types of beach nourishnent occur
along U.S. shorelines: new borrow material not connected w th nmaintenance

dr edgi ng, maintenance dredgi ng of an existing channel, dunmping in the littora
zone to all ow beach nourishment, and rehandling of stockpiled materi al

a. Borrow Dredgi ng. This type of dredging entails renoval specifically
for beach nourishnent. The nmmj or physical inpact of dredging borrow materia
is the mechanical disturbance of the substrate and the subsequent redistri-
buti on of suspended sediments and turbidity. Suspension of sedinments and
turbidities is usually a short-terminpact. Once dredgi ng ceases, heavier
sedi nents rapidly settle, and fine sedinments are dissipated by waves and cur-
rents. Sea bottom borrow pits remain intact for |ong periods of time unless

currents transport sedinents into the pits and fill them |f the borrow pits
are in an area of | ow wave energy and the surroundi ng bottom sedi nents contain
high | evels of organic materials, the pits are likely to slowy fill with the

organi c-1 aden sedi ments. Deconposition of the organic material in these pits
may result in anaerobic conditions and generally poor water quality.

b. Mai nt enance Dredgi ng. The use of mai ntenance dredged material for
beach restoration can serve two beneficial purposes: disposal of the mate-
rial, and restoration of an eroding beach. |If such material is selected, it
shoul d closely match the sedi mnent conposition of the eroding beach and be | ow
in fine sediments, organic material, and pollutants. Sedinents containing
| arge quantities of fine materials result in high turbidities and may intro-
duce trace nmetals and other contam nants into the water. High turbidities and
sedi nentation may inhibit reestablishnent of beach animals that have a spe-
cific habitat requirement or may prevent recruitment to the beach by pelagic
| arvae, particularly if beach restoration occurs during the peak spawni ng sea-
son in spring and early sumer. The disposal may interfere with the sel ection
of a nesting beach by sea turtles if beach sedinments are significantly
changed, and the appearance of such sedinments is aesthetically displeasing.
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Figure 9-1. A beach nourishment operation under way at Mayport, Florida

Figure 9-2. A sea turtle hatchling noving toward open water on
a Florida dredged material beach

9-2
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C. Dunping in the Littoral Zone. Disposal of dredged material can be
by deliberate placement on the sea bottom where it will be carried by cur-
rents and waves to the beach. The dredged material will replenish the eroding

beach in a natural manner as it is carried by wave energy. Material can be
placed in the littoral zone by hydraulic pipeline or by split-hull hopper
dr edge.

d. Rehandl i ng Stockpiled Material. Coarse-grained dredged material can
be punped into a holding area, where it is allowed to dewater. Then it can be
noved by truck or heavy equi pnent onto the eroding beach. This technique is
commonly applied in small restoration projects.

9-3. Environnental Considerations.

a. | npacts on Beach Organi sns.

(1) Animals on high-energy beaches are subject to the effects of sea-
sonal sedi ment erosion and accretion and major physical changes related to
storns. In the Pacific Northwest, animals may be stressed to the 60-foot con-
tour. Beach animals are adapted to survival under these stressful conditions,
whereas those animals of fshore are generally in a nore stable environment and
are | ess adapted to a high | evel of sedinment nmovenment. Burial of nonnotile
bent hic ani mals by repleni shnment material placed on the beach, or materia
being transported offshore fromthe beach, is usually lethal unless the ani-
mal s are able to migrate through the sedi ment overburden and escape. Labora-
tory studies have shown that some benthic aninmals (especially bivalves) can
mgrate vertically through nore than 1 foot of deposited sedinment. The abil -
ity of benthic animals to survive burial by dredged material w |l depend not
only upon the depth of the sedinent, but also upon the Iength of tine the
animal s are buried, tinme of year, sedinent grain size, quality of the sedi-
ment, and other specific requirements of the aninmals. Therefore, rate of
survival will vary fromlocation to | ocation

(2) Beach nourishnent creates new habitat that is uninhabited by ben-
thic animals, except for those that may have survived being punped to the
beach with the dredged material or those that survived by vertical mgration
t hrough deposited sedi nents. A beach nouri shment operation is generally
foll owed by rapid establishnent of new benthic popul ati ons. Many of these are
opportuni stic species that devel op | arge popul ation densities, then decline as
ot her species are recruited which are nore adaptable to the new habitat. The
time for the resident species to becone established is referred to as the
recovery time of the nourished area (the time required to approach a stable
ani mal popul ation level). Recovery tinme varies, depending upon type of
recruitment of benthic aninmals. Those animals that have planktonic |arvae or
can mgrate fromnearby areas into the nourished area will establish rapidly,
whereas those that spend their entire life cycle within the sediments may be
slow in recovering. Once beach restoration ceases, recovery of benthic ani-
mal s is generally rapid, and conplete recovery usually occurs within one or
two seasons.

9-3
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(3) The sedinent type used for nourishnent and the season of year the
nouri shment takes place are critical to the recovery rate. If the dredged
material is different fromthe natural beach sedinent or contains |arge quan-
tities of fine material, there may be a nmjor change in beach biota, and it
may require a long period of tine before |ocal resident popul ati ons can be
reest abl i shed.

b. | mpacts on Off shore Organisns. Potentially, the npst serious inpact
of offshore dredging is the | oss or danage to nmmj or conmercial species of ben-
thic shellfish, seagrass beds, corals, and sea turtles. Danage can be mni-

m zed by proper selection of borrow areas, by precisely positioning the dredge
to avoid these sensitive resources, and by using dredgi ng equi prent that mni-
nm zes sedinentation and turbidity, such as a suction dredge.

(1) Benthos.

(a) Repopul ation of a dredged area by benthic animals will depend upon
t he magni tude of the disturbance, the new sedi nent interface, and the water
quality in the borrow pit. Borrow pits will be recol onized by nigration of

animal s from adj acent areas and by larval transport. Stability of the envi-
ronment and bottom sedi nent type after dredging are major factors in determ n-
ing the level and rate of species recolonization. It is extrenmely inportant

to remenber that if bottom sedinments are significantly changed fromthe
natural sediments, the reestablished popul ati ons may not be of the same magni -
tude or species conposition as those prior to dredging.

(b) O fshore borrow pits that accunul ate organic material and acquire
hi gh concentrations of hydrogen sulfide and | ow concentrati ons of dissolved
oxygen in the water are- generally very poor quality aquatic habitats. They
al so usually take a long time to recol onize by benthic animals, or may never
recol oni ze

(2) Corals.

(a) The ability of corals to recover from beach nourishment is related
to the extent of reef damage. If a reef is heavily danaged by equi prent being
dragged across the reef, by being-covered with sedinents, or by all corals
being killed, the reef can take a long tinme to recover, or it may never
recover. It has been shown that corals nmay recover if the danage is not too
extensive. Corals along the Florida Atlantic coast damaged during beach nour-
i shment apparently recovered by 7 years after the dredgi ng operation

(b) Corals along Florida and Hawaii coasts are susceptible to direct
physi cal damage by dredgi ng and to sedi nentati on and reduced |ight unless
dredgi ng operations are carefully planned and executed. Wth proper planning
and control, dredging inpacts on corals can be minimzed. One of the nopst
significant inmpacts on corals results from draggi ng of anchors and cabl es,
whi ch col | apse the reef and destroy benthic aninmals. Erosion and scour at the
base of the corals in the dredged area al so nay damage corals. This can
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result in the corals slumping or tilting, or forming overhangs that tend to
break of f. Reef coral recovery is very slow

(3) Fish and notile invertebrates.

(a) The nmobility of fish and some invertebrates renders themless vul-
nerabl e to the adverse effects of beach nourishnent than the nonnotile benthic
conmuni ti es. When di sturbed by beach nourishment, notile animals will gen-
erally | eave the area. Those aninmals that do not |eave or are susceptible to
suspended sedinents in the water can be killed by coating of their gills,
| eading to anoxia, or if they spawn in the area the sedinments may cover their
eggs or delay hatching tine of their eggs. Feeding habits also may vary
according to |l ength of exposure to suspended sedinents. Filter-feeding fish
are nmore vulnerable to siltation than bottom feeders.

(b) Destruction of habitat rather than suspended sedi ment seens to be a
greater potential problemto fish. Those fish which are either closely asso-
ciated with the beach for sone part of their life cycle for spawning (i.e.
California grunion) or sone burrowi ng and reef-dwelling species with linmted
mobility (i.e., the dusky jawfish on the Florida Atlantic coast) are nore
likely to be adversely affected. Beach nourishment operations at |nperia
Beach, California, did not prevent subsequent spawni ng of the grunion; how
ever, on the Florida Atlantic coast it may have displ aced the dusky jawfish.

(c) Loss of benthic animals due to sedinment burial nmay indirectly
affect notile animals that prey on them This was suspected to have occurred
foll owi ng a nourishnent project on the North Carolina coast. Nourishment
occurring during the peak season of beach animal recruitnent delayed popul a-
tion reestablishment for several nmonths. During this period, fish and shell -
fish that usually feed in the surf zone were not observed. Nourishnent nmay
al so have had short-term benefits to some fish by suspending additional food
materials, and the associated turbidities nmay have provided protection from
predators to sone notile animls. Studies have shown that noderate to com
plete recovery of notile animals will usually occur within |l ess than a year
unl ess a required habitat or food source is pernmanently lost. Fish have been
observed noving into an area within the first day after a disturbance.

(d) Mbile animals will be |east affected by borrow ng operations
because of their ability to avoid a disturbed area. Studies have shown that
fish will |leave an area of active dredging and return when dredgi ng ceases.
Whet her fish will continue to use a borrow pit as habitat depends upon water
quality in the pit. If the pit accumul ates anaerobic sedinent that results in
poor water quality, fish will avoid the pit. However, fish may be attracted

to a dredged area as a result of suspended food and as a haven fromthe cold
surface water during the winter. The sedi ment plume fromthe dredge may al so
provide protection to some notile animals. Total recovery at a dredged site,
therefore, is variable and ranges frominmedi ate for some species to a year or
nore for others, depending upon the nature of the habitat nodification
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(4) Sea turtles.

(a) Sea turtles are one of the animals nost vulnerable to the effects
of beach nourishment on the South Atlantic and Gulf coasts (Figure 9-2).
Turtl e nesting on the beaches and repl eni shnent operations occasionally con-
flict in these areas. There is concern that turtle nesting and hatching suc-
cess may be adversely affected by beach nourishment.

(b) Sand particle size and sand conpacti on have been found to influence
nest site selection by some sea turtles. Aborted nesting attenpts (false
crawl s) have occurred on rebuilt beaches in Florida. The precise effects of
beach nourishnent on nesting sea turtles have not been docunented because of
i nsufficient studies. The present linmted data indicate caution should be
taken in rebuilding beaches that are known to be major turtle nesting sites.
It would be best to avoid turtle nesting beaches fromApril through Novenber,
t he period which enconpasses all of the sea turtles’ nesting and incubation
season. Such operations nust be closely coordinated with U.S. Fish and WI d-
life Service (FW5), National Marine Fisheries Service, and state agencies.

(c) Hibernating or aestivating sea turtles have been captured and
killed by trawls and dredges. Turtles that are not hibernating or aestivating
shoul d be able to avoid a dredge and nove back into an area when dredgi ng
ceases. |f hibernating sea turtles are | ocated, dredging should cease unti
the operation can be coordi nated with FWS.

(5) Seagrass beds. As with corals, caution should be taken to avoid
t hese highly productive areas. Both the actual dredgi ng operation and tur-
bidity caused by adjacent dredging will destroy seagrasses. Seagrasses are
usual ly very slow to recover, if they ever recover. To date, seagrass trans-
pl antati on has not been refined to a point where a high-percentage survival of
transpl ants and economic feasibility justify efforts to restore |arge areas of
destroyed seagrasses (See Chapter 8). Dredging cautions for corals should
al so apply for seagrasses.

C. Tim ng. Timng of the nourishnment operation may al so be a critica
factor in reestablishment of benthic animals. |If nourishnment occurs during
spring and early sumrer, recruitnent of planktonic |arvae may be inhibited.
High turbidities and unstable substrate are known to preclude |arval settle-
ment, thus del aying recovery tine of benthic animals. The best tine ecol ogi-
cally for beach nourishment and borrowing is during the period of |owest
bi ol ogi cal activity. This is usually during the winter when there would be
m nimal effect on the adult and devel opnental stages of nost nearshore and
beach animals. Adults have usually migrated out of the area and would be | ess
concentrated in the shall ow beach zone, and the nesting and spawni ng season of
beach ani mal s woul d have passed. Nevertheless, it is still necessary to
ensure that no sensitive nonnmotile animals are in the area.

d. Dredged Material Substrates. Sediments to be used as materia
shoul d match the natural beach sedinents and should be low in pollutants.
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This reconmendation is particularly inportant when maintenance dredged nate-
rial is used for beach nourishment. M ni mum damage to beach animals wl|l

occur when clean sand is placed on a sandy substrate, whereas danage to the
benthic animals would be great if fine sedinments high in organic material are
used. Changes in the sand particle size on ocean beaches, should they occur
may al so influence site selection and nesting of the threatened and endangered
sea turtles.

e. Equi prent in Sensitive Areas.

(1) If it can be avoided, the cutterhead on a suction dredge shoul d not
be used in the vicinity of live coral reefs or other |light-sensitive
resources, unless barriers are established to separate the dredging site from
them The suction dredge without a cutterhead is a better choice because
siltation is mninized and there is |less potential for physical danage to the
reef. The dredge should be positioned within the designated borrow area and
shoul d not cross a live coral reef, conmercial clambed, or other valuable
resources. Cables, anchors, and di scharge pipes of a dredge should be posi -
tioned in sand or another nonsensitive habitat. Local directions in tida
flow and current should be determ ned prior to dredging, and the operation
adjusted to prevent sedinments fromcrossing live coral reefs or other sensi-
tive resources.

(2) Consideration should be given to shall ow dredgi ng over a |arge area
in a low wave energy environnent rather than deep dredgi ng which nay create a
stagnant borrow pit which will require a long tine to recover or may never
recover. Although ecol ogi cal danage from dredgi ng the shallow pit would ini-
tially be greater, recovery should be faster in the shall ow dredged area.

f. Moni toring. Biotic surveys should be made at beach restoration and
borrow sites. As an absolute m nimum a preproject baseline survey should be
made to identify and | ocate natural resources, i.e., corals, conmercial clam

beds, sea turtle nesting beaches, fish spawning areas, and seagrass beds, to
aid the planner in avoiding potential damage to these resources.
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CHAPTER 10

AQUACULTURE

10-1. General

a. The CE interest in aquaculture stens fromits basic mission in con-
struction and operation of navigable waterways. Due to the increasing diffi-
culty and expense of obtaining dredged material contai nment acreage for use as
singl e purpose areas, the devel opment of a nultiple-use strategy such as aqua-
culture is desirable. It is possible that future site availability would be
i mproved by increased val ue of acreage | eased to dredgi ng project sponsors
because | andowners could enter separate and profitable | ease agreements with
aquacul turists. Aquaculture is attractive because of the potential for:

(1) producing nutritious |lowcost protein; (2) partially satisfying increased
demand for seafood in the United States; (3) increasing enploynent in fish
farms, feed mlls, processing plants, and other supporting industries; and

(4) providing larval stock for comercially and recreationally inportant natu-
ral popul ations currently stressed due to pollution and habitat |oss. Aqua-
culture activities would al so generate a nore positive public image of the CE
and its activities.

b. Aquaculture in a dredged material contai nment area was first
expl ored by the CE during the Dredged Material Research Program In 1976, Dow
Cheni cal Conpany, under contract to the CE, successfully cultured a crop of
white shrinmp in an active contai nment area near Freeport, Texas (Figure 10-1).
This project denonstrated that dredged material containment site environnents
are conpatible with aquaculture in the sense that animals will grow, survive
reach marketable size, and be of marketable quality. No attenpt was nmade to
justify the project’s production econom cs; the cost of postlarval white
shrinp stock, the limted acreage, and the small size of the unfed white
shrinp at the time they were harvested all contributed to high production
costs (item 52).

10-2. Aguacul ture Concept.

a. Advances in Technol ogy. Many of the technol ogy probl ens which
af fected production econom cs during the 1976 dredged naterial denonstration
at Freeport, Texas, have been reduced through continuing research on the biol-
ogy and culture requirenents of desirable plant and animal species. It is now
possi bl e, for exanple, under |aboratory conditions, to duplicate the life
cycle of the white shrinp species used in that study. One advantage of this
technol ogy is a reduced cost of obtaining juvenile shrinp conpared with the
cost of field excursions for capturing egg-carrying and recently mated femal e
shrinp in the wild, and returning themto a | aboratory for spawning. Another
very significant advantage is that artificial control over the natural repro-
ductive cycle permts production of juvenile shrinp whenever they are needed
and all ows production of nultiple crops in a single grow ng season.
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The result is nore efficient use of the cultivation area, higher annual pro-
duction, and | ower net production costs.

b. Favor abl e Econom cs.

(1) Dredged naterial contai nnent sites conmonly possess structura
features such as di kes and water control devices that may enhance their suit-
ability as aquaculture areas. In sonme instances, |and acquisition costs (pur-
chase or |ease) and di ke and water control structure costs are absorbed whol |y
or in part by the Federal government or a |ocal cooperator on the dredging
project, such as the city government or port authority. In cases where a
Federal or |ocal subsidy exists, the aquaculturist could be the beneficiary.
The | ack of avail able coastal sites has been one of the principal restraints
on the application of comercial aquaculture techniques. This is due both to
the cost of real estate and to the Government’s regulatory permtting process
whi ch affects consideration of aquaculture in coastal |ow ands, particularly
wet | ands. Freshwater and coastal dredged material containment areas have
several benefits related to desirable location: (a) proximty to favorable
wat er sources, (b) waterfront property use that may ot herw se be unavail abl e
to the aquaculturist, and (c) nearness to |arge narket areas and established
transportation routes.

(2) Dikes that woul d serve to contain the dredged material would al so
serve to inmpound the water necessary for aquaculture. However, dikes of an
exi sting containment site that is under consideration for aquaculture may have
to be nodified to increase their height, adjust their slopes, or inprove their
wat er-retaining capabilities. At a new containment site, the dikes could be
designed to pernit both the containment of dredged material and the retention
of water for the aquaculture operation. Water control structures that are
used to regul ate water quality at containment areas could al so serve to regu-
| ate water exchange rates and levels in an aquacul ture pond, and coul d be used
to drain the pond or concentrate the crop for harvesting.

10-3. Aguacul ture Consi derations.

a. Conpatibility Between Aquaculture and Dredged Material Managenent.

(1) There are at |east two general containnent site managenent tech-
ni ques that could be conpatible with aquaculture. Figure 10-2 depicts the
pl acenent of dredged material into a containnent area surrounded by a single
primary di ke system Distribution of the dredged material woul d be dependent
on the size (surface area) of the containnent, the relative volune and physi -
cal characteristics of the dredged material, and the use of controlled dis-
posal operation conditions such as pipeline placenent and novenent. It is
unl i kely, though not inpossible, that culture operations could be sustained
within the site during active disposal. A small volume of dredged nateria
di sposed into a |large disposal site containing a species tolerant of suspended
sedi nents is one workable scenario. Figure 10-2 al so depicts a contai nment
site divided into nmultiple conpartments or cells which would be filled
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sequentially over the Iife of the disposal site. Construction of secondary,

i nternal cross dikes produces a configuration with numerous operational advan-
tages over an undivided one. The nost obvi ous benefit would be related to the

separation of one or nore cells fromdredged material di sposal operations.

The second configuration has an additional benefit in a new site because it

al so separates the aquaculture operation frompotentially contamn nated dredged
material. This is a source of perceived, if not actual, production or market-

i ng probl ens.

t
3
ty

NN

a. PERIODIC DISPOSAL IN THE ENTIRE SITE

i3 t ¢
AN RN
A\ \ \

m Z

b. SCHEDULED DISPOSAL INTO SITE-CELLS

Figure 10-2. Two concepts for comnbining dredged materia
cont ai nnent and aquacul ture operations (t =tine in years
and may vary between 1 and 15 fromsite to site)

(2) The length of tine follow ng a disposal event before aquacul ture
activities could begin would be a site-specific variable depending on the
site's size and configuration, the volunme and character of the dredged nate-
rial, and the possible use of dredged material dewatering and other vol ume-
reduci ng techni ques for efficient containnent site managenent. A site wi thout
cross dikes will not be available to aquaculture during the active dewatering
period. O herw se, aquaculture and dewatering objectives are totally
conpati bl e.

b. Aquacul ture Products. Aquaculture in containment sites could be
designed to produce crops for comercial harvest or could be directed toward
produci ng fish and shellfish stocks for release to augment depressed natura
popul ati ons. Current aquacul ture-for-release progranms in California, Texas,
the Pacific Northwest, Japan, and the M ddl e East use natural and artificia
coastal ponds, |agoons, and enmbaynents for their propagation prograns.
Simlar programs could easily be undertaken in containnent areas.
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C. Site Characteristics. Containment sites exhibit a w de range of
variability: location, size, construction, conpatibility of aquaculture with
di sposal requirenments, and a nmyriad of other site-specific physical and cheni -
cal features which make each contai nment area unique. Not all containnent
sites will be suitable for aquaculture, but a significant nunmber have the
proper conbination of features to support aquaculture. Crucial to devel oping
aquacul ture as a secondary use of containnent sites is the fact that aquacul -
ture will be possible only if it is conpatible with the di sposal requirenents
and schedul es i nposed by the intended prinmary use of the site, i.e. dredged
mat eri al disposal. Only when both the aquaculturist’s and the di sposa
agency’s requirenments are nmet can the site be devel oped for aquacul ture.

d. Site Acquisition and Pernmitting. Site devel opnent and pond manage-
ment practices are expected to be simlar to those presently used in comrer-
ci al aquacul ture operations. Major exceptions lie in the areas of site
acquisition by entrepreneurs and pernit-granting procedures. Existing ease-
ment agreenents woul d have to be anended, requiring prospective aquaculturists
to reach separate agreenments with both the property owner and the CE. Repre-
sentatives of comercial aquaculture enterprises claimthat the current per-
mtting process is so involved and conplex that the growth of aquaculture in
the United States is effectively thwarted. Having the CE involved in pronot-
ing aquaculture in addition to retaining its traditional role in the permt-
ting process could possibly expedite the process in the future.

e. Use of Contani nated Sedi ment.

(1) Waterway and harbor sedi nents placed into containnent sites are
sonmetinmes contami nated with el evated concentrations of heavy netals, pesti-
ci des, petrol eum hydrocarbons, and PCBs. I|norganic contam nants such as
netal s are generally incorporated in sedinent particles while organic con-
tam nants such as petrol eum hydrocarbons and PCBs are general ly associ ated
with organic material present in the sedinments. Because of the way contani -
nants are retained within sedinments, they are relatively unavailable to
aquatic aninmals; those that are available are generally not concentrated by
aquatic animals to levels much in excess of those found in the sedinents.

(2) Laboratory experinments in which aquatic aninmals were exposed to
sedi nents contami nated with various nmetals and organi c contami nants have shown
that the organics are nore likely to be transferred from sedi nents to ani nmals.
Ani mal s, such as certain marine wornms that |live and feed bel ow the surface of
the sediment, are nore likely to accunul ate organi c conmpounds |i ke PCBs than
nost shrinp or clans, which live or feed at or above the surface of the sedi-
ment. Hi gher levels of organic material in the sediment appear to reduce the
bi ol ogi cal availability of PCBs and other organic chenicals in sedinents.
There are some data to indicate that aninmals can accunul ate | ead and petrol eum
hydr ocarbons from contam nated sedi nents, but the | evels of these contamn nants
found in these animals are low in conparison to sedinment |levels, and there is
no evidence that they are harned by these | ow | evel s of contanination
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(3) Mbst studies generally focused on highly contaninated sedi nents
and shoul d be viewed as representing the “worst case.” Containnent sites used
for the disposal of dredged material with “sone contam nants” need not be
viewed as a mpjor constraint to their use for aquaculture. Test procedures
for determi ning whether a particular sediment will be a problemto a specific
aquacul tured species are avail able, fast, and inexpensive. Contam nant status
is sonething to be aware of and considered during the planning process.

f. Econonmi cs. The econom ¢ and marketing requirements of comercia
finfish and shrinp culture operations and those operati ons conceived for con-
tai nment areas are very simlar. The capital investnment requirenents of con-
tai nment area aquacul ture could be significantly less. Sinplified | and
acqui sition, reduced real estate costs, shared costs of dike construction and
mai nt enance, and the possibilities of an expedited permitting process would
all contribute to reducing capital requirements. Operating costs will depend
on site- and species-specific characteristics and are difficult to describe in
general terms, but no extraordinary additional costs have been identified.

g. Pond Construction and Managenent.

(1) Pond construction and nodification for aquaculture would be site
and species specific. If a containment site satisfied initial geotechnica
and engi neering requirenents, constructing additional dikes, installing water
control equi pment, and other necessary nodifications should follow the proce-
dures enpl oyed in conventional operations. Cooperative efforts involving
aquacul turists, U S. Soil Conservation Service (SCS), and the CE are recom
mended for devel opi ng designs and specifying any nodificati ons necessary for
usi ng contai nnent areas for aquacul ture.

(2) Health considerations, water quality, and speci es nanagenment tech-
ni ques for containnent site culture should be identical to current practices,
al t hough the effects of large amounts of fine sedinment in the containnent area
ponds and the |lack of experience in nmanagi ng | arge-scal e aquacul ture opera-
tions pose questions that still need to be answered. Management procedures
for | arge ponds have not been devel oped for many species sinply because |arge
ponds have not been generally available. Wth increased availability afforded
by the wi despread use of containment site acreage, appropriate techniques
shoul d evolve. Sinilarly, adequate water exchange, aeration, and harvest
t echni ques shoul d overcone many difficulties created by the presence of |arge
amounts of fine sedinents.

10-4. Feasibility.

a. Aquacul ture in active dredged material contai nment areas appears to
be a feasible, cost-effective, and conpatible multiple use of containment
sites. Existing technology can be- directly applied to the concept, making it
practical with little additional research and devel oprment investnment required.
The needs of the local areas, interests of the involved parties, and technica
constraints will determ ne which type of culture operation (conmercial or
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stock augnentation) and which species will be nost suitable for a given site.
Aquacul ture is generally perceived to be only applicable in the U S. in warmer
climates. However, aquaculture is practiced conmercially in the Pacific

Nort hwest, California, New England, Chesapeake Bay, and the Carolinas, as wel
as in Florida and in the Gulf Coast states. Although growth rates are gener-
ally slower in colder waters, the concept is still highly applicable.

b. The | arge successful industries centered on crayfish, sal non, cat-
fish, trout, and bait m nnows can provide both the technical expertise and the
sources of stock needed for devel oping a profitable operation. The technol ogy
i nvolved in freshwater fish culture is both well defined and conpatible with
culture plans envisioned for contai nment areas. Redfish, exotic and native
shrinp, hybrid striped bass, bait shrinp, and m nnows are the npbst pronising
speci es for marine/ brackish water culture.
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CHAPTER 11
PARKS AND RECREATI ON
11-1. General
a. Potential recreational uses of dredged material disposal sites are
practically unlimted. They range fromprojects as sinmplistic as fill for a

recreation access road to projects as conplex as the 4,500-acre M ssion Bay
devel opnent in San Diego, California, supporting both public and private com
mar cel and noncommercial recreation facilities.

b. O all types of beneficial uses, recreation on dredged materia
contai nnent sites is one of the nost prevalent |and uses in actual acres. It
is not surprising to find nmany exanpl es of such use since there is such a
demand for recreational sites in urban areas where nuch dredgi ng occurs. It
requi res sound, careful planning to acconplish; financial investrments will
vary from project to project and could be quite expensive on |arge conpl ex
sites. The nature of recreation sites with requirements of a | ot of open
space and |ight-weight structures is especially suited to the weak foundation
conditions associated with fine-grained dredged material. Recreational |and
also is generally for public use, and high demand for public water-oriented
recreation encourages the devel opment of recreational |and use projects on
dredged material. Finally, legislation relating to wetlands, coastal zone
managenment, and flood control is biased in favor of this type of use. The
recreational |and use of dredged material containnment sites is one of the nore
prom sing and i npl ement abl e beneficial uses of dredged material, but is heav-
ily dependent on financial backing at the local |evel

C. There are many factors that influence the potential use of dredged
mat eri al disposal sites for recreational purposes. |nportant ones that nust
be considered include the |ocal or regional demand and need for recreationa
facilities, the interest and capability of l|ocal sponsors to participate in
devel opnent and operation, and avail abl e access. Local and regional planners,
St at e Conprehensive Qutdoor Recreation Plans, and public participation pro-
grans are all sources of information about public demands and needs. Loca
and regional planners are al so good sources of information on potential proj-
ect sponsors.

11-2. Case Studies.

a. East Potomac Park. A non-commercial recreational devel opment at
East Potomac Park in southwest Washington, D.C., is |located astride the con-
fluence of the Anacostia and Potomac Rivers. Disposal operations conpleted in
1912 created 329 acres fromfine-grained clays and organic materials dredged
fromthe Potomac main channel. By 1925 the park reached full recreationa
devel opnent, and since 1939 ownership and operation of the facility have been
in the hands of the National Park Service. The site currently offers four
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ni ne- hol e gol f courses and a snack bar, driving range, and cl ubhouse. O her
recreational facilities include a swi mm ng pool, indoor and outdoor tennis
courts, eight baseball fields, and fields for field hockey, football, and
pol o. Buildings on the site include the National Park Service offices, a

mai nt enance buil ding, a confort station, and several other mnor structures.
Use of the park open space for recreation has increased to the extent that the
conversion of a portion of golf course |land to open space is being considered.
The park serves a regional need for recreation of residents of the District of
Col unbia, Arlington County, and the City of Alexandria, Virginia, as well as
for area commuters. In 1975, the North Atlantic Division placed the val ue of
the park at $94 million

b. Patriots Point. The Patriots Point Project, a 450-acre comrer-
cially oriented recreational site i mediately across the Cooper River, 1 nmle
east of Charleston, South Carolina, was built on an old disposal site. The
site, fornerly known as Hog |sland, was used for disposal of naintenance and
new channel dredged material--primarily mxed sandy silt and clay--from 1956
to 1970; dikes were constructed of heavy clay. In the early 1970's, a quasi -
state agency, designated the Patriots Point Devel opnent Authority, was estab-
lished to plan and develop a recreational conplex. The focal point of the
devel opnent is a Naval and Maritine Museumwi th the aircraft carrier Yorktown,
noored at the site in early 1976, as the principal attraction. The Author-
ity’s master plan includes an 18-hole golf course, a 150-room nmotor inn with
convention facilities, a 375-slip marina, and a 300-space recreational vehicle
park. Long-range plans include construction of an oceanarium aquatic
t heatre, anphitheater, restaurant, nman-nmade | akes, and permanent nooring for
at least three nore classes of decomn ssioned naval ships as the vessels
beconme avail able. A dike-top tour route around the site has been constructed.
The project will ultimately attract 1.5 mllion visitors annually. Structures
at the site will be supported on pilings due to the conpressible nature of the
fine-grai ned dredged sedi nents and underlying organic material. An overburden
of sand will be added to provide suitabl e drai nage and foundation conditions
for light structures and parking areas. Topsoil, including sone dredged mate-
rial, will also be placed in portions of the site to encourage vegetative
gromh, particularly in designated buffer zones. Figure 11-1 depicts the
master plan for Patriots Point.

C. Kal awa Recreational Area. A large marina, fishing pier, and water
sports conplex was built on sandy dredged material in the Colunbia River at
Kal awa, Washington (Figure 11-2). The area was arnored with riprap to prevent
current erosion. It also contains park areas, a heliport, a recreationa
center, and baseball fields.

d. North Central United States. Nunerous recreation sites such as
riverside picnic areas, water parks, marinas, and other river-related sites
have been built on dredged material, both by the CE and by private sponsors
al ong the Upper M ssissippi River and its tributaries. In the Geat Lakes,
parks, marinas, fishing piers, and other recreation facilities have been built
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on dredged material in western Lake Erie, Lake St. Clair, Duluth Harbor, and a
nunber of other urban areas.

e. O hers. Atotal of 136 exanples of recreational use of dredged
material are listed in Appendix C.

11-3. Recreation Activities and Facilities.

a. Certain types of private recreation facilities, while they are on
dredged material disposal sites, are normally provided by private enterprise.
Al t hough the CE does not participate in the provision of these types of facil-
ities, they should be regarded as potential beneficial uses since they occur
on disposal sites. These sites often provide cost-feasible and socially
accept abl e di sposal alternatives. There are al so many opportunities for pro-
viding recreation opportunities at disposal sites. Disposal sites in coasta
and riverine areas have highly diverse recreation potential, especially for
water-oriented activities. These sites are especially attractive for shore-
line recreation devel opnent such as sw nmi ng beaches, boat |aunching ranps,
and fishing piers. When areas are of sufficient size, canpgrounds, narinas,
out door sport facilities, and hiking and nature trail systens may be con-
structed. Recreation devel opment potential of these areas is quite high when
authority, funds, and land area are all of sufficient amounts, and the public
interest is best served by such devel opnent. The types of activities and
facilities that can be provided on dredged naterial sites are included in
Table 11-1. Recreation planning and design criteria for specific recreation
facilities are provided in EM 1110-2-400. While high site recreational use is
general | y dependent on facilities devel opnent, undevel oped di sposal |ands al so
attract a segment of the public for activities appropriate for those areas,
such as nature study, primtive canping, hiking, hunting, and beach-conbi ng.
Provision for access to these areas is one of the mnimal requirenents. These
undevel oped sites are also used as trails for off-road vehicular recreation

b. Dredged material disposal islands are also used extensively for
recreational purposes. They provide a base for such water-based activities as
hunting, fishing, boating, waterskiing, swi mmng, and canping. In many river
and estuarine systens, dredged material islands and beaches are the only
avai | abl e sandy beaches, and there is often danger of site use conflict
between wildlife, especially nesting colonial birds and turtles, and humans.
The recreation experience and enjoynent of the users can be affected by the
devel opnent and design of the disposal sites and by the timng of disposa
operations. Variations in size, proximty, and |level of devel opnent of canp-
ing sites can provide a diversity of recreation experiences.

C. Devel opnent of facilities and vegetati on on these islands should
preserve the nore prinitive conditions of naturally occurring point or island
bars. A study of recreation users on the Upper M ssissippi River noted
preferences for undevel oped i sl ands conposed of nostly open sand with sone
trees and grass; islands with riverine vegetation were not favored. Extensive
veget ati on of disposal islands is therefore not required nor desired for
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Types of Recreational

Table 11-1

Activities and Facilities Found on Dredged

Di sposal _Sites

Activities

Beach~-combing
Bicyeling

Bird watching
Boat launching
Camping

Dining

Fishing

Hiking

Hunting
Motorcross and dirt biking
Nature study
Outdoor games
Picnicking
Sunbathing
Swimming

Viewing

Required Facilities

Beach

Trails or roads

Undeveloped natural areas
Ramps, parking area, marina
Campground

Restaurants and snack shops
Water access

Trails

Undeveloped natural areas
Trails

Undeveloped natural areas
Athletic fields and playgrounds
Tables, trash receptacles
Beach

Beach

Scenic overlook or observation tower
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recreational use. The use of a given dredged material island or sandbar was

i nfl uenced by the presence of sandy beach areas, adequate water depth for
boats, and uncrowded conditions which gave users relative isolation from other
canpers.

d. Proper |ocation of dredged material islands and access points can
al so reduce boating congestion in | ocks and navi gati on channels. Many boaters
in the Upper M ssissippi River survey noted that they used the | ocks only to
reach their favorite disposal sites. Devel opnent of nultiple |aunching points
and/ or the location of specifically designed disposal sites near popul ation
centers could elimnate some of the recreation bl ockages and the traffic con-
gestion in navigation channels.

e. The recreation potential of both shoreline and island di sposa
areas can be enhanced by nmanagement of fish and wildlife habitat. Fish and
wi I dlife habitat devel opnent can be an authorized purpose and secondary goa
of navigation projects involving dredging. WIldlife enhancenent and mitiga-
tion may also be required to offset habitat | osses due to project construc-
tion. In such cases, |lands are generally purchased or |ong-term easenents
obt ai ned, and detail ed habitat managenment plans devel oped and i npl enent ed.
However, in a nunber of areas where dredgi ng occurs, disposal sites are
limted, and a well-devel oped | ong-range managenent plan is usually | acking
for disposal sites. In these instances it may be nore practical to manage for
nongane speci es and nonconsunptive recreational use rather than the nore
traditional gane nmanagenment for sport hunting. A variety of songbirds and
other small aninmals are appreciated by the public, and with proper habitat
managenment (nest boxes, food and cover plantings, etc.), these species can be
encour aged around picnic, canping, and other recreation areas.

f. When fishing is a recreational goal at a disposal site, sone basic
managenment techni ques to maintain high popul ati ons and harvests of gane fishes
may be required by devel opi ng and nai ntai ni ng ponded areas in-disposal sites.
Spawni ng beds and water |evel manipulation to enhance reproduction, reefs, and
piers to attract and concentrate fish, and a sound plan for dredged nateria
di sposal will contribute to a healthy sports fishery in a given area.

11-4. Recreation Carrving Capacity.

a. Proper design of recreation devel opnents on dredged nateria
di sposal sites can ensure that recreation use does not exceed the recreation
carrying capacity of the resource. Carrying capacity is the maxi mum potentia
| evel of use which avoids social overcrowding and resource overuse. A number
of methods are available to estimate recreation carrying capacity of projects
(item 79). Proper project design of structures, facilities, and access points
decreases the |ikelihood of overuse or underuse. Overuse of recreationa
resources results in overcrowding of recreation users and degradati on of the
dredged material resource.
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b. Sandbars, beaches, and other disposal sites can be strategically
| ocated to further disburse recreation use to areas able to support the use.
Barriers and screens such as ditches, fences, and berns can be placed adj acent
to environmental |y sensitive areas and hazardous | ocations at disposal sites
such as those where incremental dredging is still occurring and where recrea-
tion use is not desired. On such sites still in active use, serious consider-
ation rmust be given to liability fromaccidental or purposeful human intrusion
onto the active disposal portion of the site. The density concentrations of
boati ng, boat fishing, and waterskiing can be affected in part by the nunber,
| ocation, and distribution of boat |aunching, docking, and servicing facil-
ities built throughout an area. Providing multiple |aunching and docki ng
facilities at disposal sites tends to reduce density concentrations and dis-
tribute recreation use nore evenly.
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CHAPTER 12

AGRI CULTURE, HORTI CULTURE, AND FORESTRY

12-1. General. Broad use of dredged material disposal sites has been nmade by
the agriculture, forestry, and horticulture industries. Sone disposal sites,
especially in river systens, have provided |livestock pastures. These pastures
have not been devel oped in any way except by allow ng natural grass col oniza-
tion or by planting pasture grasses on them O her uses involve actively

i ncorporating dredged material into marginal soils (item25). An attractive
alternative for disposing of dredged sedinents is to use these rich materials
to amend nmarginal soils for agriculture, forestry, and horticul ture purposes.
Mar gi nal soils are not intensively farmed because of inherent limtations such
as poor drainage, unsuitable grain size, and poor physical and chem cal condi-
tions. They may al so be of |ow productivity because of high water tables or
frequency of flooding. MIlions of acres of these marginal soils are |ocated
near waterways.

12-2. Agriculture. Item 81 notes several areas where there is currently
extensive interest in the agricultural use of dredged material. For exanple,
about 500 acres of the O d Daniel |Island Disposal Site in South Carolina have
been successfully truck farmed for the past 8 years, and other parts of the
site are planted in soybeans, an agronomic crop. The Tulsa District has
approxi mately 2,600 acres of dredged material containment sites | eased for use
as grazing land. Wen dredged material is free of nui sance weeds and has the
proper bal ance of nutrients, it is simlar to productive agricultural soils
and can be beneficial for increasing crop production when incorporated or

m xed. By the addition of dredged material, the physical and chenical charac-
teristics of a marginal soil can be altered to such an extent that water and
nutrients beconme nore available for crop growh. In sone cases, raising the
el evation of the soil surface with a cover of dredged material may inprove
surface drai nage and reduce flooding and therefore | engthen the grow ng
season. Dredged material characteristics which influence plant growth and

gui dance for dredged material incorporation and cover use are discussed in
this section.

a. Planning Considerations. Chenical and physical anal yses of the
dredged material, site |locations, weed infestation potential, and possible
salinity problems nust be considered before deciding upon the suitability of a
specific dredged material as a medium for agricultural purposes. Figure 12-1
denonstrates priority listing of these factors to be used when considering the
feasibility of an agricultural use for dredged material at the contai nment
site (item75).

(1) Chemical analyses. Since dredging operations may take place in
wat erways containing industrial wastes and sedi nent runoff fromagricultura
areas, dredged material can contain heavy netals, oil and grease, high nutri-
ent concentrations fromfertilizer runoff, and other contam nants.
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(a) Heavy netals. Heavy netal uptake by plants is dependent on a num
ber of factors, primarily the formand concentration of metals in the rooting
nmedi a, and the type and variety of plant. Research has shown that the heavy
nmetal uptake by plants is normally much | ess than the heavy netal content of
the rooting nmedia (itens 25 and 44). Table 12-1 shows the range in the con-
centration of heavy netal uptake by agronom c and conmon vegetabl e food crops
grown under nornmal conditions and the suggested plant tol erance |evels
(item 25). The question as to whether or not to produce food or nonfood crops
depends upon the chemical contam nants present in the dredged nmaterial. Agri-
cultural service agencies and extension offices can assist with guidelines and
answers to specific questions. Wile research has shown that relationships
exi st between the extractable heavy netals in the soil and the heavy netal
upt ake by certain plants (item 46), these data are inportant to dredged nate-
rial applications upon soils if a food crop is to be grown, but are less

HEAVY METALS

NUTRIENTS

CHEMICAL ANALYSIS

OIL AND GREASE

LIME REQUIREMENT

TEXTURE

PHYSICAL ANALYSIS WATER CONTENT

PLANNER

STRUCTURE

WEED INFESTATION

SALINITY PROBLEMS

AGR. SERVICE AGENCIES

AGRICULTURAL
SITE DEVELOPMENT TYPE OF AGR. SITE

TRANSPORT

Figure 12-1. Decisional factors to be considered at the dredged
mat eri al contai nment area before applying dredged material for
agricul tural purposes
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i mportant when nonfood crops are to be produced. An exanple of a nonfood crop
is the growing of Christmas trees or pul pwood on dredged material containing
concentrations of heavy nmetals too high for human or wildlife consunption
(item 49). Another exanple is the uptake of mnimal amounts of heavy netals

in the heads of grain plants, making thema good food crop sel ection even if

| arger anmpbunts of heavy nmetals are present; however, the heavy netals may con-
centrate in the | eaves, making these grain crops |ess desirable when harvested
as a forage.

(b) Nutrients. Nutrient analyses of dredged material should provide
data to determine nutrient availability and to establish recomended ferti-
lizer applications for vegetative production. The nutrient constituents of
dredged material which require greatest attention are nitrogen, phosphorus,
potassium netallic metals, and organi c conpounds. Although nedium and fine-
grai ned dredged material is normally high in nutrients available for plant
upt ake, the levels of these nutrients are usually not high enough to limt
pl ant growt h. However, nitrogen, which is usually in the ammoniumform will
undergo nitrification rapidly in an aerobic soil. Nitrate is the readily
avai l abl e form of nitrogen for plant uptake or |oss by surface runoff and
| eaching into ground water. Specific recomendations on rates of fertilizers
can be obtained fromthe state Soil Testing Service or |local agricultura
ext ensi on agent, after soil tests have been conducted. A considerable portion
of dredged material, especially in the Upper M ssissippi River and sone

Table 12-1

Aver age Range of Heavy Metal Uptake by Plants for Sel ected
Food Crops* and Suggested Pl ant Tol erance Levels (item 25)

Average Range Suggested Tolerance
Element ppm Level, ppm
Cadmium 0.05-0.20 4
Copper 3-40 150
Iron 20-300 850
Manganese 15-150 325
Nickel 0.01-1.0 4
Lead 0.1-5.0 10
Zinc 15-150 350
Boron 7-75 200
Chromium 0.1-0.5 2

* Corn, soybeans, tomatoes, beets, |lettuce, peas, potatoes, nelons, squash,
al falfa, clover, wheat, oat, barley, and pasture grasses.
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coastal areas, is sterile, clean sand. In these cases, sites may never be
suitable for agriculture, and will need najor nutrient and soil amendnent
i ncor poration.

(c) O and grease. Research has shown that the oil and grease con-
tent of some dredged material is considerably higher than that of soil. How
ever, depressed agricultural yields attributable to high oil and grease
content have not been studi ed. Possible effects of high oil and grease con-
tent on soil properties or plant gromh are an apparent slower wetting of the
soil materials, a snothering effect on plant parts, and a tendency to restrict
wat er uptake by the plants.

(d) Lime requirenments. Lime requirenments for dredged material vary,
but if the pH of the material is below 6.5, it should be amended with ground
agricultural |inestone before being applied to marginal soil for agricultura
production. Large amounts of sulfur in the dredged material will require
heavy initial applications of lime to neutralize the acidity, as well as
succeedi ng applications to maintain neutral conditions. A soil pH below 4.0
i ndi cates the presence of free acids resulting fromthe accunul ati on of sul-
fate and nitrate ions; a pH below 5.5 suggests the presence of toxic quanti -
ties of exchangeable al um num iron, and manganese; and a pH from7.8 to 8.2
may indicate an accumul ation of the bicarbonate ion, and the uptake of ele-
ments will be detrimental to plant growth. Gupta et al (item 25) provides
speci fic recomendati ons on rates of both fertilizer and lime to apply at
various soil (dredged material) deficiency levels. Arule of thunb for linme
requi rements of high sulfur dredged material is to double the usual |ine
requirenent.

(2) Physical analyses. The physical characteristics of dredged mate-
rial can assist the CE in nmaking critical judgnents of the best use of dredged
material to ensure agai nst adverse inpacts on agricultural |ands. The texture
and water content are essential tests to aid in characterization of dredged
materi al deposits within a contai nnent site.

(a) Texture. Textural classification helps to determne not only the
nutrient-supplying ability of soil materials, but also the supply and exchange
of water and air that are so inportant to plant life. Therefore, an inportant
criterion is to adjust the texture of the final mxture of dredged nateria
and margi nal soil to approxinmate a | oam soil (USDA classification). Using the
USCS cl assification system a dredged material of |loamtexture contains silts
and clays whose liquid Iimt is less than 50. Mxing a fine-textured dredged
material (silt and clay) with a coarse-textured marginal soil (sand) to the
proportions of a loamwould inprove its physical and chem cal characteristics
for crop production. Sandy, coarse-grained dredged naterial is generally |ow
in organic matter content, available nutrients, and heavy nmetal concentra-
tions. Dredged material of this type may have potential as an amendnent to
heavy i nperneable clay soils, inproving structure and perneability. For
beneficial surface applications wthout incorporation with existing soils, it
woul d be preferable to apply dredged material of |loamtextures only. Sandy
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| oams are generally preferred for vegetable root crops such as carrots, beets,
pot at oes, and peanuts, whereas loamto silt-loamsoils are preferred for row
crops, orchards, and snall grains.

(b) Water content. When placing dredged material on agricultura
lands, it is desirable to have the water content of the material within the
plastic Iimt range. This will present fewer problens in handling, placing,
and m xing. |If dredged material is to be placed in slurry form the lift
t hi ckness should be linited to 18 inches. This thickness of dredged materia
will usually dry within a 6-nmonth period, dependi ng upon dredged materia
texture, to the point where soil mxing and farm ng operations can begin.

(3) Weeds. Weed infestation is generally a serious problemin nmany
dewat ered, inactive, fine-grained dredged material containment areas. Prior
to the transport of dewatered dredged material to an agricultural site, an
ext ensi ve weed control effort may have to be initiated to avoid serious weed
problems to the agricultural producer. For exanple, an application of herbi-
cide or renoval of the top 6-inch vegetation |layer of the contai nment area
with a bulldozer before the transport of dredged material to the agricultura
site would tenporarily control the weed problem Transport of such materi al
unless it was only to the advantage of the CE to do so, would be at the
expense of the agricultural producer

(4) Salinity. If the dredged material is froma coastal or tida
regi on, special attention nust be given to salinity because crops will not
grow on highly saline soils, and few agronom c crops will grow in brackish
soils. The electrical conductivity of a soil water extract gives an indica-
tion of the total concentration of soluble salts in the soil. The term
“soluble salts” refers to the inorganic soil constituents that are soluble in
wat er. Excess soluble salts not only Iimt the availability of water to
plants but also restrict growth. Salt-tolerant plant species are avail able
and research on salt-tolerant agriculture crops is under way, but none have
been found to be economically productive to date. Techniques for treating
dredged material with high salinity problens are avail able and should be com
pl eted before the material is transported to an agricultural site.

(5) Agricultural site selection. The distance and node of transporta-
tion utilized for the novenent of dredged material will determ ne the mgjor
costs of its application to agricultural lands. Thus, the agricultural site
sel ected should be in reasonable proximty to the dredged material di sposa
site and adaptable to the |ong-range disposal needs of the CE

(a) Agricultural service agencies. |In nost areas of the country, a
variety of suitable |ocations of marginal soils can be found by contacting the
| ocal offices of the SCS and U.S. Forest Service, as well as the local Agri-
cultural Extension Service. Soil classification and | and use maps are avail -
able fromthese agencies, as is direct assistance in locating marginal soils
sui table for anendnment with dredged materi al
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(b) Type of agricultural site. The type of site determ nes whether it
can be used for agriculture, i.e., a short-termor |ong-term disposal area.
Short-termusage neans 1 to 3 nonths’ time for the transfer of dredged mate-
rial froma containment site, and for the transport, spread, mx, and cultiva-
tion of the dredged material for seedbed preparation at the agricultural site.
Long-term usage inplies that the agricultural site can be used as an active
di sposal area over a long period of tine (5 or 10 years). This would involve
only a few acres of the agricultural site at any one time in applications of
dredged material, so that the rest of the field could be planted in crops. A
schematic of a |long-term disposal area is shown in Figure 12-2, where various
| evel s of dredged material are being used for different activities. Shallow
rooted crops such as grasses, snall grains, soybeans, and vegetables can be
cultivated in designated areas when dredged material is first applied (6- to
12-inch depth). However, as the application of dredged material is continued
in specific areas of the field (3 feet or nore in depth), deep-rooted crops
such as corn, sorghum cotton, alfalfa, and trees can be successfully
cul tivated.

(c) Transport. The accessibility to the dredged material contai nment
site and the agricultural site determines project viability and node of trans-
port. The agricultural site may have limted access due to field roads,
drai nage ditches, and fence locations; therefore, access routes on a farm may
requi re design and construction to facilitate the disposal and spreadi ng of
dredged material. If the application of dredged material is to be efficient
and effective, scheduling of application should not interfere with normal farm
operations. Access roads to the disposal site should circunvent the farnstead
and avoid the location of poultry and |ivestock

b. Agricultural Site Considerations. Wth an understanding of the
characteristics of the dredged material at the various disposal sites, con-
sideration should be given to the potential problens at the agricultural site.
Factors which nmust be considered at the agricultural site are properties of
the margi nal soil, application depth of dredged material, |and preparation
needs, conpaction, erosion potential, flood/drainage area, and seedbed prepa-
ration (item 75).

(1) Incorporation. The beneficial effects of incorporating dredged
material into marginal soils are increased avail able water capacity, increased
nutrient supply when fine-grained dredged material is mxed with coarse-
grai ned marginal soils, and inproved drai nage when coarse-grai ned dredged
material is mxed with fine-grained margi nal soils (item 52).

(a) Marginal soil. Marginal soils are not used for production of
crops due to | ow economic return. These soils can be unproductive pastures,
abandoned fields, fields requiring excessive irrigation or drainage, or areas
in various stages of degradation. These soils can be made productive for a
variety of economc crops by incorporating dredged material of desirable grain
sizes to bring these marginal soils to a |l oam soil classification
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FINAL

DREDGED ,
MATERIAL FILL
(36" OR MORE)

Figure 2-12. Long-term agricultural dredged material disposa
site (item 75)

(b) Depth. Plant growth can be limted by root devel oprment; there-
fore, it is inmportant to increase the depth of rooting nmedia on nmarginal soils
with applications of dredged material. To obtain an optiml m xture under
normal field conditions, the depth of dredged material to be incorporated is
limted to a 6-inch cover. At this depth, a 16-inch nol dboard plow can furrow
the 6 inches of dredged material to a depth of 12 inches using a tractor-plow
conbination. |If incorporation of greater depths of dredged material is
requi red, then special types of plows not common to nornmal farm operations
must be used.

(c) Land preparation. Tillage operations prior to the application of
dredged material may be useful to speed surface drying and eradi cate weeds.
The application of dry dredged material to | evel soil surfaces presents few
probl ems when the soil surfaces are dry. If the agricultural site has poor
dr ai nage, the application of dredged material should be done after the area
has had an opportunity to dry. Row drains can be constructed with a plow that
cuts through | ow areas to provide drainage into field laterals. The addition
of dredged material to slopes ranging from5 to 10 percent nmay increase opera-
tional problens and the potential for erosion, as well as the sedinent content
in runoff water. If steep slopes (greater than 10 percent) are to be used,
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standard conservation practices should apply, possibly including terraces,
grassed wat erways, diversion channels, and suppl enental practices such as
contour farmng, strip-cropping, and crop rotation (item 75).

(d) Compaction. The purpose of using dredged material is to inprove
the agricultural site; therefore, the application and spreadi ng of the dredged
materi al should not inpair agricultural production by severely conpacting the
mar gi nal soil. For exanple, soil conpaction problens associated with the
wei ght per axle load of large (25-ton) dunp trucks may necessitate using
smal l er (9-ton) dunp trucks which woul d reduce soil conpaction but increase
transportation costs by 25 percent.

(e) Seedbed preparation. The use of various types of tillage equip-
ment is, to some extent, dependent on the type of crop to be produced. How
ever, tillage operations such as plow ng and harrowi ng are comon to all types
of seedbed preparation. Cultivation and planting of the newy incorporated
m xtures shoul d be acconplished as soon as possi bl e because tillage wll
increase the infiltration of water and reduce surface runoff, therefore | ower-
ing the potential for erosion.

(2) Cover. When the area to be covered is too rocky, gravelly, or
ot herwi se unsuitable for cultivation, additions or capping with dry dredged
material to depths of 1 foot or nmore without incorporation into the existing
site may be required to inprove the area for agrononic production. Wen
dredged material is to be used as a surface cover or cap, it is best that the
texture approximate a loamsoil for crop production (item 25).

(a) Depth. The depth of dry dredged material to be applied in incre-
ments as a surface cover or cap should be at least 3 feet to ensure good
drai nage and an adequate rooting nedium This depth of 3 feet or nore can be
achi eved by additions of 6-inch layers if the agricultural site can be used as
an active dredged material disposal site over a period of years.

(b) Drainage/flood. When the soil depth is increased by additions of
dredged material, the depth to the water table increases and reduces wet spots
in the field, thus extending the period available for farm ng operations. If
the area is only briefly and intermttently flooded, additions of 3 feet or
nore of dredged material may conpletely elimnate the flooding problem If it
is flooded enough to have reduced soil conditions, it is a wetland and shoul d
not be farmed.

(c) FErosion. Slopes greater than 10 percent are not generally used
for the application of dredged material because the establishnent of a vegeta-
tive ground cover is nmore difficult. Wien the dredged material is to be
pl aced on erodible slopes, it should be planted in grass cover imediately
until the dredged material has stabilized. If the agricultural site is a
terraced area, the terraces should be seeded in a permanent vegetation cover
to prevent accelerated erosion. Flat or nearly level agricultural fields are
the nost satisfactory for dredged material application and farm ng operations.
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(d) Seedbed preparation. When the nmarginal soil is to be buried with
over 2-foot depths of dredged material, it should be leveled with a bull dozer
and other tractor-plow or di sk conbinations used for seedbed preparation. Any
application of dredged material will require standard seedbed preparations to

|l evel and till the site.

c. Crop selection. There are a nunber of agricultural, or food, crops
whi ch have been or may be grown on dredged material. These include pasture
grasses; food grains such as rice, corn, wheat, oats, rye, barley, and nillet
soybeans; sunflowers; truck crops; and cotton. Crop selection for food and
forage use is dependent upon climte, culture, and regi onal markets. The
varieties of agricultural crops typically selected for production in any given
area can be obtained fromcounty and | ocal Agricultural Extension Services and
the county Soil Conservation District offices.

12-3. Horticulture. Horticulture crops are generally considered vegetable,
fruit, nut, and ornamental varieties of comercially grown plants. Dredged
mat eri al applications on soils for vegetable production, orchards, and
nurseries will not differ fromthe guidelines discussed under agricultura
pl anning and site considerations. Discussion will be limted to specia
horticul tural crops.

a. Vegetable Production. Al conmercially grown vegetable truck crops
can be produced on dredged material anmended soils. Vegetables grow best on
sandy | oam soils of good texture, drainage, and aeration. The best types of
dredged material mxtures for such crops would be sandy silts or silty dredged
mat eri al which can be incorporated into an existing sandy site, or sandy
dredged material which can be incorporated into an existing silt or clay site.
Clays in general are too heavy for good vegetabl e production, but they could
be i mproved by applications of sandy materi al

b. Ochards. Few fruit and nut crops are produced close to waterways
and dredging sites, with the exception of pecan orchards. |In general
pear/ peach/ appl e orchards and ot her pome fruits grow best on hillsides and out
of |l ow bottom ands, and citrus orchards generally grow best away fromthe
i nfluence of salt-spray. Although no disposal sites have been planted as
orchards, such application is probably feasible. However, additional applica-
tions of dredged material once trees are established would have to be linted
to not nore than 6 inches to prevent damage to root systens due to soil aera-
tion changes.

c. Ornanental Plant Nurseries. Ornanental |iner shrubs in nurseries
are grown two ways: potted or set in the ground in a high-quality soil mx-
ture. Either type requires horticultural soil mxes of |oany soil, sand,

peat, and verniculite. Dewatered dredged material could be applied as a part
of the soil mx in areas where soil nust be trucked into nursery sites at con-
si derabl e expense. Myst comercial nurseries nake their own soil mxes, and
may be anenable to use of good quality dredged naterial. The mmjor disadvan-
tage would be the limted quantities of material a nursery would require.
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d. Sod Farns. Urban and suburban areas require large quantities of
readi |l y avail able grass sod for such uses as residential |awns, parks, golf
courses, and rights-of-way. Unless sites are avail abl e near these high-
popul ati on areas for sod production, sod nust be trucked into the area for
sale by retail nurseries and shops. Marginal soils near urban centers could
be brought into grass sod production through applications of dredged materi al
Since grass sod is less exacting in its growth requirenents than nost food
crops, the type of dredged material used is not as critical. However, the
material should be a |l oamy or silty sand substrate, if possible, to ensure
best grass grow h.

e. Christmas Tree Farms. Another specialized use of dredged materia
is the cultivation of Christmas trees on disposal sites (item75). This has
al ready been carried out successfully in the Baltinore District. Since
Christmas trees require 5 to 8 years to reach narketabl e size, the disposa
site or conpartment on |larger disposal sites is generally unavailable for such
beneficial use. This will Iimt the feasibility of this option in nost
wat erways where dredging occurs. |If dewatered material is trucked (at sponsor
expense) to a marginal soil site, then planted with trees, this beneficial use
option would be nore acceptabl e.

12-4. Forestry.

a. For a nunmber of years, the tinber industry has been working with
tree genetics to produce faster growi ng, stronger trees, and with reclamation
of disturbed eroding sites using trees, primarily pines. However, sonme hard-
woods and bl ack wal nut have been tested in the northcentral United States, and
nunerous cottonwood, sycanore, and eucal yptus plantations for paper production
have been planted in the southern United States. The inprovenent of nargina
timber land with applications of dredged material would be received with
i nterest and enthusiasmfrom foresters who have the problemof trying to pro-
duce tinber on poor soil. There are several rapidly grow ng pul pwood species
that may be grown in |large disposal sites with several conpartnments once the
conpartnents are nearing conpletion. Dewatered dredged material trucked to
mar gi nal | and or abandoned di sposal sites would be the sites npst appropriate
for tinber production.

b. The same physical and chemical soil properties discussed under
agricultural considerations would apply to forestry, except that trees could
be grown safely on dredged material with higher contam nant |evels than could
food crops. The tolerance |level of each tinmber crop for heavy nmetal s and
ot her contami nants and the physical characteristics of the material would be
forestry limting factors.

c. Since land would be tied up in tree production after planting for
10 to 30 years, the primary di sadvantage of this beneficial use would be | oss
of disposal sites. An advantage woul d be use of noderately contam nated
dredged material not suitable for many other beneficial uses. Dredged mate-
rial trucked into a site could be spread with heavy equi pnent as deeply as

12-10



EM 1110-2- 5026
30 Jun 87

desired by the forester since tree roots penetrate several feet into the sub-
strate. Large quantities of dredged material could be disposed of on nargina
sites in this manner, and made producti ve.

d. Commercial tree species that would be suitable for tinmber produc-
tion on dredged material would be eastern cottonwood, American sycanore,
eucal yptus, green ash, water oak, and sweet gum on periodically flooded
(limted flooding) sites. These species would al so have a shorter rotationa
requirement of 5 to 15 years. Long-leaf pine, slash pine, |oblolly pine,
bl ack wal nut, white ash, pecan, and several oak and hickory species woul d grow
best on upland sites anmended by dredged material applications.
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CHAPTER 13
STRIP M NE RECLAMATI ON AND SOLI D WASTE LANDFI LL
13- 1. General . Two beneficial uses of dredged material that are still fairly

new concepts have proven to be feasible in laboratory, field, and District
tests (items 4 and 75). These are the reclamati on of abandoned strip m ne
sites that are too acidic for standard reclamation practices, and the capping
of solid waste landfills (item 75). Both uses would require | arge quantities
of dewatered dredged material that could be noderately contam nated and stil
be acceptable. Both uses would ultimately provide nonconsunptive vegetative
cover to unsightly areas, and the areas could be further reclainmed for

m ni mal -use recreation sites and/or wildlife habitat. Item 75 provides
excel | ent di scussion of both types of beneficial uses. The techniques dis-
cussed in this chapter also apply to pyrite soil reclamation, gravel pits, and
rock quarries. St. Paul District has reclaimed an abandoned gravel pit, and
Portland District has reclainmed a rock quarry using these techniques.

13- 2. Strip Mne Reclamation. Various techni ques have been devel oped to con-
trol acid mine drainage fromsurface mne spoils. The primary purpose of
these techniques is to reduce air and water contact with the acid-generating
m ne spoils. Methods which acconplish this are reducing slopes, thereby

| owering runoff velocities and erosion, and establishing plants on the mne
spoils. A bal ance nmust be struck between slope reduction and increased infil-
tration capacity. Attenpts to establish vegetative cover on highly acidic

m ne spoils have usually resulted in | ow survival rates. The lack of a
vegetative cover on mne spoils will result in erosion and further exposure of
aci d-generating pyrites to air and water (item 75). In order to reduce
adverse effects of mine spoils, placement of a topsoil or topsoil substitute
suitable for vegetative growth such as dredged material is recomended.
Application of dredged material to surface mne spoils will provide a cover
that will reduce the infiltration of water and the diffusion of air to the
pyrite material, and provide a suitable grow ng nmedium for vegetation. Plan-
ni ng nust be coordinated with the | andowner and, if the mine is an active sur-
face mine, the mning operator. Before reclanmation activities can comence,
State reclamation | aws which include the final grade of the area, cover

requi renments, and vegetation requirenents must be assessed. Assistance for
vari ous aspects of surface mne reclamation can be obtained fromstate recl a-
mati on departnents, county agricultural extension offices, the SCS, and the
US Ofice of Surface M ning.

a. Dredged Material Requirements. Dewatered dredged material can be
used for surface mne reclamation in nmuch the same way as topsoil or agricul -
tural soil. If construction on the site is considered as the final |and use
for the reclained nmining area, tests for consolidation, shear strength, and
permeability should be performed on the dredged material as well as the mne
spoil. Fractions of dredged material having different grain sizes can be
nm xed to provide a surface with desirable physical and engi neering properties.
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Al nost any desired soil property can be obtained by dewatering, mxing, and
conpacting dredged material (item4). Fine-grained or sandy silt dredged
materi al can be used as a cover on mine spoils for the establishnment of vege-
tation. Dewatered dredged material having a loamtexture is the nost desir-
abl e for best vegetation growh. The dredged material should be tested for
pH, organic content, and soluble salts. It should have a nearly neutral (6.0
to 7.5) pH, a mninmm organic content of 1.5 percent by weight, and a | ow
amount of soluble salts (500 ppmor less) to allow optimum plant grow h.

b. Site Preparation and Dredged Material Placenent. The anount and
met hod of site preparation needed at surface mnes are dependent on the topog-
raphy, the method of nining perforned (area, contour, open pit, etc.), and the
final |and use. Site preparation consists chiefly of regrading the surface
mne to a configuration that will accommpdate a dredged material cover at a
desired thickness and sl ope to support vegetation. The two principal surface
m ni ng techni ques are area and contour nmining. The potential for ground water
percol ati on and contamni nati on should be determnmined for both the mne spoil and
t he dredged materi al

(1) Area mining reclamation.

(a) The area nining nethod produces the characteristic topography of a
series of parallel ridges or piles of mne spoil. Site preparation consists
of leveling mne spoil ridges or piles to a width specified by |aw and/or
final |and use. Leveling or “striking off” mine spoil ridges is acconplished
by bull dozing the ridges into the valleys between ridges. The m ne spoi
piles should be | eveled to a topography where conventi onal earthnoving equip-
ment can spread dewatered dredged material to a desired thickness
(Figure 13-1). This nmethod of leveling was field tested by the Chicago D s-
trict at Gtawa, Illinois. The mining site was |evel ed, capped with dewatered
material, m xed, soil anendments added, and planted in a grass mxture. The
site established vegetative cover rapidly, and is a very successful site
(item63). It has still maintained good vegetation cover 8 years after
pl anti ng.

(b) An alternate concept of reclaimng area nines is the use of
slurried dredged material. This nethod to date has not been field tested, but
appears promsing. It consists of hydraulically punping dredged naterial in a
pi peline onto a prepared area mine. This formof reclamation is only feasible
for area nmines |ocated within punping distance of an active dredgi ng operation
or rehandling basin. Preparation of the site consists of grading nmine spoils
to a fairly uniformlevel and constructing dikes around the area to contain
the slurried dredged material. Because of the slurry’'s high water content, it
nmust be punped in lifts and allowed to dewater before adding the next |ift.
The depth of each lift is dependent upon the final |and use and tine con-
straints (item57). If the area is to be used for foundation material to sup-
port |ightweight structures, the lifts of slurried dredged material should be
limted to about 36 inches so that drying will be enhanced (item 52). The
dredged material should be allowed to dry to a npisture content near its
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b. Gading the mne spoil
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c. Application of dredged materi al

Figure 13-1. Schematic di agram showi ng operational techniques used
to reclaima surface mne spoil with dredged materi al
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plastic Iimt before adding the next Iift (item57). If the area being
reclaimed is not planned to support structures and is mainly being reclai ned
for recreation or vegetation establishnent, the depth of each Iift can be

i ncreased and the amount of tinme between |ifts can be shortened.

(2) Contour mned | and reclamation.

(a) The reclamation of contour nmines is nore difficult due to the
hilly terrain in areas where this type of nmining occurs. This techni que of
m ni ng requires renoval of the overburden by starting at the outcrop of the
coal seam and proceedi ng al ong the contour around the hillside. The hi ghwal |
is located on the uphill side, while a rimand steep downsl ope are covered by
the spoil material cast down the hillside. Being above the grade of |oca
drai nage, water fromthe pits flows directly into natural waterways. Recl ama-
tion of contour mnes involves backfilling and terracing the disturbed land to
t he approxi mate original contour or to a contour conpatible with the surround-
ing terrain. This requires placing dredged material into strip pits and over
the mine spoil which was cast downhill (Figure 13-2).

(b) The choice of which regrading technique to use for reclamation
depends on many variables, including final |and use, terrain, amunt of
dredged material, and state and Federal reclamation requirenents. Concepts
for using dredged material on contour nine backfill are shown in Figures 13-2,
13-3, and 13-4. The use of dredged material to reclaimthe mne to the origi-
nal ground surface | evel and contour is denonstrated in Figure 13-2. The m ne
spoil on the downslope is also covered with dredged material to provide a
vegetative nedia. Figure 13-3 shows the use of the Georgia V-ditch technique
whi ch does not fill to the original soil surface but |eaves a highwall and
fill section to be leveled to support vegetative as well as agronom c produc-
tion. The slope reduction technique, as shown in Figure 13-4, permts stock-
piling of dewatered dredged material before final grading to original slopes
and contours.

C. Veget ati on Establishment.

(1) Establishnent of a quick vegetative cover is inportant at recl ama-
tion sites for it is one of the npost effective erosion control nethods
(item63). It nmust be known whether the area is ultimately to be used for
farm ng, grazing, construction, tenmporary soil stabilization, restoration for
aesthetics, or other purposes. Wen selecting vegetation, plant species
shoul d be chosen that will be able to adapt to dredged material conditions,
such as |low pH, high nmoisture, grain-size distribution, and fertility |evel
The speci es sel ected should be adaptable to the climatic conditions (sunlight
exposure, tenperature, wind exposure, rainfall) found at the site. It is best
to choose vegetation native to the area which can be easily propagated. A
speci es m xture should be planted to ensure successful establishment of a
veget ative cover (item 63).
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Figure 13-2. Gross-sectional view of contour backfill technique
(itme 75)
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Figure 13-3. Gross-sectional view of the CGeorgia
V-ditch backfill technique (item 75)
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Figure 13-4. Schematic of slope reduction technique (item 75)

13-6




EM 1110-2- 5026
30 Jun 87

(2) It is desirable to roughen or cultivate the dredged material sur-
face before seeding in order to reduce the velocity of rainfall runoff and
increase water infiltration to seedbed depth. The surface of the dredged
mat eri al should not be conpacted because this inpedes seedling emergence.
Conmon net hods for preparing the surface of the dredged material are scarifi-
cation, tracking, and contour benching or plow ng using disks, harrows, and
tractors. Tracking grooves nade by the cleats of a tractor should run paral -
lel to the contour. Contour benching is performed on |ong slopes to build
terraces to reduce the velocity of rainfall runoff (item75). Terracing is
performed with a bull dozer running parallel to the contour and allow ng the
soil to dribble off the edge of the blade. Furrowing of a terrace is per-
formed by repeated plowi ng parallel to the contour. Oher nethods for plant-
ing such sites are available in itenms 16 and 32. Dredged material should not
be placed on a slope that is in a frozen or nuddy condition or when the sub-
grade is excessively wet or in a condition that my be detrinmental to proper
gradi ng and the proposed seedi ng. Hydromul ching or nechani cal nul ching on new
cuts, revetnments, dikes, and terraces is also usually required to prevent
er osi on.

d. Site Selection. Mning sites that would be suitable for dredged
mat eri al disposal for reclamation purposes nmust neet certain criteria. The
m ned areas shoul d be assessed for transportation capabilities as well as
qualitative considerations such as social and environmental concerns. Field
i nvestigations of potential sites should include such general factors of the
site as geol ogy, ground water, effluent standards, anbient water quality, |and
costs, drainage, surrounding |land use, and vegetation of adjacent |ands. Per-
m ssion for site use nust al so be obtained. Transportation costs are a mgjor
consi deration, and are generally at sponsor expense. For this reason, nines
that are near disposal sites and/or suitable transportation systens are prob-
ably the only ones feasible for consideration.

13-3. Solid Waste Landfills. Governnmental agencies responsible for the man-
agement of solid waste are experiencing difficulties in obtaining suitable
sites on which to operate environmentally sound solid waste di sposal opera-
tions. A mmjor portion of the solid waste generated in this country is ulti-
mately placed on land in sanitary landfills. The location of a sanitary
landfill is often constrained by the cover material requirements and avail -
ability and the site characteristics related to potential adverse environ-
mental inpact. Item 3 reports that dredged material can satisfactorily
performthe functions of a cover material, thereby making it possible to

| ocate sanitary landfills at sites previously considered unsuitable due to a
| ack of native cover soil. St. Paul and Mbile Districts have both used clean
dredged material as caps for urban landfills. This section is intended to aid
pl anners in determning the suitability of dredged material for productive use
in solid waste managenent schenmes and to provi de gui dance for devel opment of
possible landfill projects (itens 3 and 75).

a. Dredged Material Characteristics. The potential uses for dewatered
dredged material in a sanitary landfilling operation are as a material for
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covers, liners, gas vents, |eachate drains, and gas barriers. Chapter 2
presented a discussion of physical and chemical characteristics to be con-
si dered when using dredged material in a |and i nprovenent project. Sone
dredged material grain-size distributions are generally nore suitable than
ot hers.

(1) Cover. The solid waste in a sanitary landfill is covered daily
with at least 6 inches of material to prevent an unsightly appearance, contro
vectors at the site, prevent internal fires, and control surface water infil-
tration. Landfills with two or nmore lifts nust have internmedi ate covers
12 inches deep between lifts. The internediate cover nmust fulfill all func-
tions of a daily cover for up to 12 nmonths and rmust be trafficable to assist
vehi cl e support and novenent. Dredged material characteristics of a desirable
cover material are easy workability, noderate cohesion, and significant
strength. A mixture of sand, silt, and clay has been shown to be a suitable
cover material; if a gravel is fairly well graded with 10 to 15 percent sand
and 5 percent or nore fines, it can nake an excellent cover. The only types
of dredged material elinmnated for use as cover are highly organic materials
and peat. Due to the difficulty in handling, dredged material should not be
used in the slurry state. On the other hand, the use of dewatered dredged
material as cover is operationally feasible because the material can be easily
haul ed, spread, and conpacted by conventional earth-noving equiprent.

(2) Liners and barriers. Barriers and liners serve the sane purpose,
i.e., to prevent the mgration (lateral and vertical) of |eachate water or
deconposition gases. The suitability of the dredged material for this use is
determ ned by the perneability of the material. Dredged material with clas-
sifications of CL or CHis likely to be suitable for use in constructing a
liner or barrier. Attenpts should be made to keep these barriers and liners
saturated to prevent cracking and to keep pore spaces filled with water to
prevent gas | eaks.

(3) Gas vents and | eachate drains. Gas vents are used to direct the
flow of gas to the atnosphere where it is harm essly dissipated, and | eachate
drai nage | ayers are used to intercept |eachate and drain it to an area where
it can be collected for treatnment or recirculation (item3). The controlled
ventilation of gas requires that the vent be nore pervious than the surround-
ing soil, and a | eachate drain nust also be very pervious so that |eachate
will be drained quickly away fromthe solid waste. To be suitable for venting
gas or draining | eachate, the dredged material mnmust consist of sand or grave
with little or no fines and nmust be rmuch nore pervious than the soils at the
site.

b. Site Consi derations.

(1) Site selection. The selection of the solid waste disposal site
will be the decision of the governing sanitary district. Site suitability and
site managenent options will be evaluated by the sanitary district. The offer
of dredged material to these districts allows themto consider sites initially
screened out due to the lack of natural soil cover. It should be remenbered
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that in this beneficial use, the CE is sinply providing a useful material to a
sanitary district; therefore, site selection and construction and operation of
the landfill are not the responsibility of the CE

(2) Prelimnary dredged material data collection. The dredged nate-
rial source (dredging operation or contai nment area) should be defined in
terms of location and quantity. Critical dredged material characteristics
shoul d be determ ned by exam ni ng physical and engi neering characteristics and
settling properties and by noting any evidence of contam nants. The avail abl e
dredged material should be viewed in terms of suitability for sanitary |and-
fill use, i.e., as covers, liners, barriers, vents, and drains. The dredging
area shoul d be assessed for avail able transport nodes.

(3) Transport systenms. For dredged material uses in solid waste man-
agenment to be economically attractive, the landfill site nmust be within a
reasonabl e di stance of the dredged material supply. Not nmore than 50 miles is
recormended in order to keep the unit cost of shipment down. Truck haul is
the only node of transport recommended because of its convenience, feasibility
of operation, and ease of fitting into landfilling schemes (item 40).

(4) Economics. The success of any attenpt to use dredged material in
solid waste managenent will be dependent upon the economic feasibility of the
project for each of the agencies concerned. Since each operation involving
the use of dredged material in solid waste managenent is uni que, economic
feasibility is evaluated on a case-by-case basis. There should be a net bene-
fit to all agencies involved.
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CHAPTER 14

MULTI PURPOSE USES AND OTHER LAND USE CONCEPTS

14-1. General. Wth careful engineering design, construction, |long-term
coordi nati on and pl anni ng, and proper inplenentation of operational and nmain-
tenance procedures, a disposal site having conbi nati ons of uses may be devel -
oped. This multipurpose use of disposal sites is strongly encouraged. A park
and recreational devel opnment built over an existing solid waste |landfill using
dredged material as a cap is an exanple of how several of the beneficial uses
di scussed in the preceding sections can be |lunped into a nultipurpose project.
There are a nunber of actual and pl anned exanpl es of nultipurpose sites.
Often, nultipurpose objectives do not involve substantial cost increases to

t he dredgi ng project when plans are made in the initial phases of design and
construction. Frequently, recreational use and wildlife and fish habitat can
be devel oped sinultaneously on a disposal site. Potential problems with

devel opnent of nultipurpose projects are usually related to conflicting user
groups of the proposed di sposal/devel opment site. Careful selection of com
pati bl e potential users can avoid situations where the projected uses
conflict.

14-2. Case Studies.

a. One exanple which denonstrates what can be acconpli shed when poor-
grade dredged material is placed in conjunction with higher quality materia
to produce a multipurpose site is Aquatic Park in Toronto, Ontario, Canada.
Al ong the shoreline, numerous conmercial, transportation, and recreationa
sites have been created by the conmbined use of landfill and dredged materi al
Aquatic Park, under devel opnent by the Toronto Harbour Comm ssioners, is an
excel | ent exanmple of how the formof the I and created can enhance the nunber
and quality of productive uses. Construction rubble was used to create an
approximately 3-mile-1ong headl and running at an oblique angle to the natura
shoreline. The headl and is essentially linear but has nunerous indentations
inits shoreline dike. Dredged nmaterial was placed in the water behind the
rubbl e di ke where protection is afforded fromwave and tidal action and asso-
ciated erosion. The dredged nmaterial was placed to formcontours for the
devel opnent of | agoons and | akes al ong and behind the shoreline. The resul -
tant configuration of the headl and resenbl es natural |andforms in the area.
The I ength of shoreline- is many tines the I ength that would have resulted
from
a conventionally shaped disposal area; thus, opportunity for shoreline utili-
zation has been increased. Figure 14-1 shows Aquatic Park during dredged
material placenment in early stages of devel opnment.

b. Another very interesting and highly successful case study is Pointe
Mouillee in western Lake Erie, Mchigan (item42) (Figure 14-2). Pointe
Moui | | ee has been under devel opnent by the Detroit District for over 10 years.
Al'l engineering operations on the island portion and di kes were conpleted in
1983. The marsh phase of site devel opnment, including construction of
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Figure 14-2. Pointe Muillee, in western Lake Erie, is a
CDF for contam nated dredged material that also serves as
a mul ti purpose beneficial use site
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freshwat er marshes, marinas, visitor center, public wal ks and areas, and fish-
ing facilities, has just begun. The existing marsh inside the installed

fl oodgates is progressing naturally, nourished by sedi ments trapped by chan-
neling part of the Rouge and Detroit Rivers through the marsh. The nesting

i sl ands built of dredged material are covered with tall vegetation, and the
fringes are being used by nesting waterfow . Portions of the shoreline have
been planted in grain fields for wildlife. Many of the barrier island dike
conpartnents have been filled with dredged material to capacity, and they are
coloni zing naturally with locally occurring plant species. The island is
scheduled to be planted with perennial grasses and forbs to create nesting and
grazi ng meadows. Capping the dredged material with clean soil is also being
considered (item 42). The di kes of the island have had waterbird use for

| oafing and feeding since construction began, primarily by gull species. This
foll ows the expected pattern for construction in Lake Erie noted in the 1970s
in which virtually every new dredged material site was col oni zed by nesting
seabirds if the site consisted of suitable habitat (item 73). A managenent
plan for the site was drafted in 1980-81 and is being foll owed carefully.

This site is only one of two in the United States in which a CE District has
applied and received perm ssion to use Section 150 funds of the Water

Resour ces Devel oprment Act (P.L. 94-587) for wetlands devel opnent, and up to
$400, 000 per dredging project has been earmarked for habitat devel opment of
Pointe Muuillee (item59). This site is multipurpose, providing wetl ands,

upl and, island, and aquatic habitat devel opment; fishing, hunting, boating,
recreation; ice fishing; nature trails; marina; visitor center; bird watching;
and j oggi ng and hi ki ng.

c. Athird exanple of a multipurpose disposal site is being devel oped
in Coss Bay, Oregon, where a large containnent site with eight conpartnents
and extensive cross dikes is being filled and dewatered increnentally. The
site will ultimately be devel oped for port, industrial, residential, and urban
uses by the local sponsor, and parts of the site are schedul ed for agricul -
tural crops (Figure 14-3).

d. Sone of the beneficial use exanples given in other chapters of this
EM t hat have actual multipurpose use include Gaillard Island at Mbile, Al a-
bama; the aquaculture project at Freeport, Texas; all of the exanples in
Chapters 11 and 15; and a nunber of island habitat devel opment sites where
recreation and boating are al so prinme uses.

14-3. Oher Land Use Concepts. Dredged material beneficial uses described
and discussed in this EMare all highly productive, environnentally and eco-
nom cal ly acceptable alternatives to standard di sposal practices. Dredged
materi al has been shown in numerous cases to be a valuable resource with com
parabl e properties of any saturated (or dewatered) soil. A few uses that may
be consi dered beneficial did not nmerit separate chapters, but will be dis-
cussed here for conpl eteness of this manual.

a. FErosion Gully Fill. Large quantities of dredged material could be
di sposed of within the nunerous gullies forned from poor soil conservation
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practices in both rural agricultural and urban construction areas. Such gul -
lies are unsightly and unproductive and, generally, attenpts to cover them
with vegetation such as kudzu, rather than to reclaimthem are made. Since
few of these hill sites occur within reach of hydraulically punped materi al
only dewatered and transported material could be used. Transport and handling
costs would nake this an expensive alternative that probably will find little
if any economically feasible justification. An exanple where this beneficia
use was actually acconplished is the gully fill done by Mbile and Nashville
Districts in the construction of the Tennessee- Tonbi gbee Waterway.

b. Topography Relief. Another nmeans of using |arge quantities of
dredged material is building hills for |andscape diversity on |large, |eve
recreational sites. While this also usually would apply only to dewatered
material and woul d al so be costly, it has been considered in planning by the
Fort Worth District in the special case of new work dredging in the Trinity
Ri ver due to the huge quantities of material to be noved. It is being prac-
ticed in nodification in the Red River Navigation Project in Louisiana, where
new cut work is being used to build up island sites in the river to a |leve
hi gher than the floodplain for recreation. These Red River sites enpl oy
hydraulically deposited materi al

c. Earthen or Earth-filled Dams. In areas where reservoirs for flood
control, recreation, or other purposes are planned, dewatered dredged materia
could be transported and used for construction of either earthen or earth-
filled dans. This alternative would only be feasible in | ocal es where ot her
sources of borrow material are nore costly or unavail abl e.

d. Institutional Use.

(1) Institutional use includes all public service/mnunicipal uses of
dredged material contai nment areas such as electric utilities, transportation
systens, and water and wastewater facilities.

(2) One case study is Pleasure |Island, bordering the Intracoasta
Wat erway near Port Arthur, Texas, a 3,500-acre |and area forned from over
50 years of silt and sand di sposal. A rock dike protects a small portion of
the island that is presently devel oped. Anpong the diverse facilities devel -
oped thereon are a university canmpus (Lamar University), an Arny Reserve
Training Center, and a CE Area OFfice. Two recently constructed rock dikes
wi Il encourage further institutional facilities including an already planned
sewage treatnent plant.

(3) Another exanple is in Salem County, New Jersey, where a 1967 | and
exchange negoti ated between the CE and the local public utility conmpany has
resulted in the construction of a nuclear power plant on a 200-acre di sposa
site. The first of four units comrenced operation in 1976; the remaining
units were on-line by 1979 and 1980. The site was originally a sandbar upon
whi ch fine-grained material from Del aware Ri ver dredgi ng over the past
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70 years had been placed to forma peninsula; it is nowcalled Artificia
I sl and.
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CHAPTER 15

CONSTRUCTI ON AND | NDUSTRI AL/ COMVERCI AL USE

15-1. Harbor and Port Facilities.

a. The econom c potential and social productivity of industrial/
conmercial activities provide a strong incentive for urban growth and devel op-
ment. These activities have flourished in natural harbors and al ong urban
wat erways where raw materials can be received and finished products shipped
nost econom cally. Industrial/comrercial devel opment near waterways has been
aided by the availability of hydraulic fill material from nearby dredging
activities. The use of dredged material to expand or enhance port-rel ated
facilities has generally received | ocal support because of the readily appar-
ent potential benefits to the |ocal econony. Approval of the disposal opera-
tion is generally predicated on the advancenent of the port devel opnent
project and not on the incidental need for proper disposal of the dredged
sedi nents. Traditionally, where disposal has been to advance the industria
devel opnent goal, attenpts were nmade to use the dredged material beneficially;
where it would not, the nmaterial was di sposed of by the nost econonical neans
avai l abl e. The key for the beneficial use planner is to identify how, when,
and where dredged material froma navigation project can fulfill an economc
need, while not overl ooking biol ogi cal beneficial uses and environmental con-
siderations and limtations. Identification of economic or social benefits
may hel p overcone some environnmental opposition to disposal sites. Job-
produci ng pl anned uses in cities with depressed enpl oyment are nuch nore
likely to gain approval than projects that appear to conflict with basic com
muni ty needs.

b. There are numerous exanpl es of dredged material sites that were
used in harbor/port devel opnment. One such facility constructed on dredged
material is the Presidents |sland-Menphis Harbor Project |ocated approxi mately
5 mles southwest of Menphis, Tennessee (Figure 15-1). It is a 960-acre site
on the southeast side of the island (now a peninsula) filled with sandy
dredged material. A slack-water area was created by di king, and an
800-f oot -wi de by 12-foot-deep channel was dredged and the sedi nents pl aced
along 3.5 mles of the channel’s north bank. Filling was conpleted in 1957,
and within 20 years npst industrial devel opnent was conpleted. By 1973 over
70 separate industrial concerns had bought or |eased acreage on the site. A
feasibility study of proposed harbor expansion alternatives prepared by the
Menphis District reconmended that a second harbor channel be dredged at Presi-
dents Island and the material placed on the island al ong the new channel’s
sout h bank. This proposal would create an additional 1,000 acres above the
floodplain for port and related industrial/comercial facilities. \Wen the
first facility was conpleted, there was little concern for the wetl ands that
were covered up. Expansion plans nmust take these wetlands into carefu
consi derati on.
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c. In dozens of locations in U S. rivers, dredged material is used for
such benefits and for creating foundati on above the floodplain for grain ele-
vators, shipping term nals of all types, barge-fleeting areas, and storage
facilities for U S. products waiting to be noved to market (coal, tinber,
agricultural products). Two exanples at Portland, Oregon, a container facil-
ity and a grain elevator |ocated at conveni ent shipping points, were both
built on dredged material (Figure 15-2). Another exanple is the harbor at
Vi cksburg, M ssissippi, on the |lower Mssissippi. Alarge industrial site
providing facilities to over 50 industries was built on dredged material from
the Yazoo River (Figure 15-3). Other exanples include port and shipping
facilities at Texas City, Galveston, and Houston, Texas, in Gal veston Bay;
port facilities in the Duwani sh River in Seattle, Washington; and facilities
at Bl akely and Brookl ey |sland conpl exes in upper Mbile Bay, Al abana.

15-2. Residential and Urban Use. In spite of the sonetines poor foundation
qualities, dredged material containnment areas have becone sites of nultiple-
buil di ng high- and | owrise residential and business conpl exes. Success has
been attai ned where the properties of the dredged material have been properly
accounted for in the residential design. A few exanples of residences and
busi nesses built on dredged material include:

a. Al npst the entire City of Galveston, Texas, where dredged materia
has been used for fill, erosion control, hurricane protection, foundation
material, and other beneficial uses for at |east the past 70 years.

b. Thousands of residences and busi nesses have been built on sandy
dredged material in Tanpa, St. Petersburg, C earwater, Sarasota, Mam, Jack-
sonville, and numerous other locations in Florida. (Mst of these were built
in wetlands, and therefore nmuch of this type of devel opnent in Florida has
decreased significantly in the past 10 years.)

c. Residential areas in the Burrough of Bronx in New York City.

d. Residential and business areas throughout the City of New Ol eans,
both on the riverfront and on Lake Ponchartrain.

e. A conbined use of sandy dredged material over the past 60 years on
the M ssissippi GQulf Coast for residences and busi nesses, highway fill, sea
wal | protection, and beach nourishnent (for both recreati on and nesting habi -
tat for the least tern).

f. Businesses at Jackson, M ssissippi, where borrow material was
dredged frominside the Pearl River |evee and punped into place outside the
| evee for foundation materi al

g. A huge industrial/residential/comercial conplex, including a

mari ne park, was built on sandy dredged material at San Diego, California
(Figure 15-4).
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Figure 15-2. Two port facilities built on dredged material at
Portl and, Oregon, at the confluence of the Colunbia and WIIlam
ette Rivers. A container port is |located on the Col unbia
(left) and a grain terminal is |located on the Wllanette

(right)

Fi gure 15-3. The port and industrial park at Vicksburg,
M ssi ssi ppi, which were built from dredged material from
the Yazoo River
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h. A large, shopping center conplex was built on dredged material at
Swan |sland on the Colunbia River in Portland, Oegon. It included shopping
and comercial areas and lowrise office buildings (Figure 15-5).

15-3. Airports. Airport runways and facilities in New York City, New York;
Washi ngton, D.C.; Grays Harbor, Washington; M nneapolis, M nnesota; New

Ol eans, Louisiana; Portland, Oregon; San Francisco, California; Brookley Air
Force Base; and a nunber of other coastal areas have been built on dredged
materi al foundations. These were built in areas where insufficient |and was
avail able for a comrercial airport, and use of dredged material was easily
justified both econom cally and socially. Such uses of dredged material will
undoubt edl y continue as harbors and cities increase in congestion and
popul ati on.

15-4. Dikes, Levees, and Containment Facilities. The CE makes al nost con-
stant use of dredged material for dikes, |evees, and confined disposal facili-
ties (CDFs). Dredged material, punped onsite and dewatered, readily | ends
itself to these uses. By using dredged material to build or increase capacity
in CDFs, or for dikes and | evees, overall project costs can be reduced while
not having to use fastland soil for these projects and by expanding the life
of existing containment sites. Sone |ocal and state agency and private use is
made of dredged material for dikes and |evees in certain situations such as
for erosion and flood protection, or for private industrial dredged materia
contai nnent facilities.

15-5. Fill Material and Roads. Thousands of cubic yards of dredged materia
have been dewatered in holding areas, then given or sold to public or private
interests for fill material. This material has been used for a variety of
buil di ng and parking | ot foundation and site capping uses, primarily in urban
areas. It has also been used for road construction as foundation materi al
especially in coastal counties. Often, such material is given away w thout
charge in order to make roomin disposal sites for subsequent disposal. In
St. Paul District, dewatered sandy material was used to fill in an abandoned
gravel quarry that was a dangerous eyesore. These beneficial uses, coupled
with mnimal handling requirenents, make these di sposal alternatives inexpen-
sive and attractive.

15-6. lslands and Historic Preservation. On the M ssissippi, Louisiana,

Al abama, and Florida coasts, historic sites on barrier islands and beaches
have been protected from wave erosi on and subsi dence by sandy dredged nateria
bei ng punped around and near such sites. Excellent exanples are found in

M ssi ssi ppi where the beach front, with its historic colonial and antebellum

| andrmar ks, and Ship Island, where historic Fort Massachusetts is |ocated, were
restored with sandy dredged material after both were alnost totally denolished
by Hurricane Camlle.
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Fi gure 15-5. A |arge shopping mall, Port Center, was

built on dredged material at Swan |sland on the

Col unbia River at Portland, Oegon. It included

shoppi ng and comercial areas, as well as lowrise
of fi ce buil dings.

15-7. Consi derations.

a. The use of dredged nmaterial as industrial/conmercial and construc-
tion material requires alnost no additional work on the part of project
engi neers, unless it involves a CE work project, once material has been placed
inside a containment facility and dewatered. Users and sponsors of the
dredged material site at that point are responsible for noving and handling
the material, developing the site, managenent and nai ntenance, and all other
aspects of industrial/comrercial site use. If the dewatered material is to be
used for dike and | evee construction, nornmal earth-noving and handling proce-
dures by the CE would apply, and generally would not involve use of a dredge.
Techni ques outlined in items 17, 30, 62, and 82 are referenced for di ke and
CDF engi neering design and construction. Industrial/comercial use of dredged
material is probably one of the nost inexpensive beneficial uses. Its primary
advant age other than low cost is that it allows greater use of disposal sites
when dredged material is removed. Its primary disadvantage is that on sites
that become industrial areas, port facilities, airports, and other such com
mercial ventures, the sites are no |longer available for disposal, and other
di sposal sites must be | ocated and obtai ned.
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b. Wile there are a nunber of obvious econom ¢ advantages to these
types of beneficial uses, the environnmental aspects may be so di sadvant ageous
that a project is not feasible. For exanple, nost of these sites already
built displaced wetlands and other critical habitats. This can no | onger be
done without mitigation and stringent pernmt requirenents.

15-8



EM 1110-2- 5026
30 Jun 87

CHAPTER 16
BASELI NE AND MONI TORI NG STUDI ES
16-1. Ceneral

a. Potential beneficial uses of dredged material should be thoroughly
exami ned as part of preproject planning studies. Prelimnary surveys of
exi sting and candi date sites should be made during the reconnai ssance phase of
new studi es, and detailed aerial and ground surveillance shoul d be conducted
for feasibility studies. Results should be displayed in the appropriate for-
mat in feasibility reports, including pre-authorization survey reports.
Proj ect environnental assessnents and environmental inpact statenents nust
i nclude a detail ed conparison of alternative sites, including adverse and
beneficial inpacts.

b. Mddern tools such as renote sensing, visual data managenent sys-
tems, and autonmatic data processing should be enployed to help determ ne the
nost appropriate locations and best uses for dredged material. Hi gh resol u-
tion aircraft-collected scanner imagery and col or infrared photography can
provi de detailed | and-use information that can be directly anal yzed by com
puter. Information obtained through renote sensing not only provides a val u-
abl e dat abase, but can be used to nmonitor changes in existing conditions wth
or without the project. A variety of computer systens and software prograns
are avail able for analyzing data.

c. Coordination with other Federal and state agencies is essential for
projects that include dredging activities. Scoping nmeetings should be held at
regul ar intervals throughout all phases of project planning. Agencies and
organi zations that should be involved in scoping activities include the EPA
FW5, NMFS (when operating in coastal waters), state coastal zone nanagenent
agencies, state fish and wildlife agencies, and state and Federal cultura
resource agencies. Other state and |ocal organizations, both public and
private, should be included as appropriate. Adequate review time nust be pro-
vided for agencies to coment on proposed actions.

16-2. Monitoring.

a. Background. This section describes the needs, considerations, and
some nmethods for nonitoring dredged material operations prior to, during, and
after dredging in order to have a clear picture of the dredging and beneficia
use inpacts and values, as well as a source of pertinent references on noni-
toring. Monitoring within this section focuses only on those beneficial uses
of dredged material that are derived fromvegetati on and/or aninmals.

b. Need for Mnitoring. Mnitoring of a proposed or existing dredged
material site for the purpose of planning appropriate beneficial uses is an
absol ute necessity to ensure conpatibility between or anmong the proposed uses
and the dredged material disposal activities. Mnitoring is inmportant for
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nunerous reasons. It provides a framework or database from which | ogica
beneficial use alternatives can be proposed. For exanple, if waterfow

habitat is desired for hunting use, but nmonitoring data indicate that narsh
cannot be established because of too nmuch wave energy, it makes little sense
to consider duck hunting as a beneficial use. Mnitoring al so docunents that
appropriate planning of dredged material uses has been inplemented and pro-
vides a basis from which defensible argunents can be nade for sel ected benefi-
cial uses. Mmitoring is useful in obtaining an understandi ng of potentia
problems with alternative uses of dredged material, constraints, or possibil-
ities related to dredged material managenent. It provides a clear picture

over tine whether the planned beneficial uses devel op properly or at all and
what changes are taking place that influence those uses or other potenti al
beneficial uses. For example, MIler Sands |sland planted as an upl and goose
resting/grazing pasture in the Colunbia River has reverted to use primarily by
nutria because the sandy pasture has not been maintained by soil amendnents
and by trapping of the nutria. The nutria eat the good grasses and herbs

pl anted for goose pasture and | eave only horsetail, an unpalatable plant. A
noni toring programcan indicate if these kinds of situations are devel oping so
that remedi al actions can be taken that will preserve the intended beneficia
use.

c. Considerations of Mnitoring. In planning and initiating a noni -
toring program of beneficial uses on dredged material, one must consider a
variety of factors that are likely to inpinge upon both dredgi ng operations
and the intended beneficial uses. These inpingenments may take place prior to,
during, and after dredging and can influence decisions as to what beneficia
uses should be planned and how they are likely to change over time. The |eve

of attention needed will be greatest in the initial stages (i.e., nmonitoring
t he di sposal process, overseeing propagul e collection and planting, etc.), and
will in nost cases decrease with time (item 32). Influencing factors that

shoul d be nmonitored include such things as soil or substrate conditions; size
and |l ocation of site; plants and animals presently on the site or in nearby
areas; natural succession typical of the area; existing and future site use;
fl oodi ng and/ or wave energy conditions; tidal conditions; social and economc
consi derations; and the probability of future dredged material deposition
Thi s section suggests a general nonitoring approach to follow after the deci-
sion has been nade to devel op sel ected beneficial uses on a site. It assunes
that legal restrictions, site availability, site capacity, and other |egal
adnmi ni strative, or engineering aspects are favorable.

d. Methods. Beneficial use nonitoring may be planned for two kinds of
sites: an established dredged naterial site where deposition has been com
pleted, and a site where proposed or ongoi ng deposition of dredged material is
taking place. In the first case, an established dredged material site may be
many years old or relatively new, and may be vegetated or unvegetated. In the
second case, the new substrate at any one or nore topographic elevations wll
dictate whether the site will be aquatic or upland or a combination of the
two. The approach should be tailored to the kind of deposition. Monitoring
of a site involves nunmerous factors and therefore can be nost effectively
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acconplished by a multidisciplinary team generally including a wildlife

bi ol ogi st, botanist, soil scientist, engineer, fisheries biologist, |and use
pl anner and, in sone cases, a |lawer. The team needs to be structured accord-
ing to the anticipated uses of the site. For exanple, it nakes little sense
to include a fisheries biologist if an upland site w thout any ponds or | akes
is the site being considered for beneficial uses unless ponds or |akes are
anticipated. Four steps for each itemto be nonitored should be foll owed:
devel op a statenent of objectives, identify the population or unit to be
sampl ed and data to be collected, specify the precision of data collection
and sel ect an efficient sanpling design.

(1) Physical factors. Physical factors considered inmportant to noni-
tor include such things as: climate; geographic |ocation and size; topography
and configuration; physical and chem cal characteristics of the substrate to
be deposited upon and material to be deposited; tides, currents, and other
hydr ol ogi cal data; physical and chemical characteristics of the water in which
material is deposited; and | and use.

(a) Cimte. Climatic data are inportant to nonitor because they will
di ctate what kinds of plants and aninmals can ultinmately grow and reproduce at
the site. In a dredged material disposal project it is usually inpractical to
personally collect climatic data over a | ong enough time period to be nmeani ng-
ful. Therefore, resort to the literature and data sources that apply to the
site area. First evaluate climate on a | arge scal e because climte changes
are relatively slow. Changes in such things as soils and vegetation wll
usual |y occur gradually. Soil and plant conmunities are relatively stable and
mutual Iy conpati ble over extensive land areas. Classification of climtes
over | arge areas requires devel opnent of paranmeters such as tenperature and
rainfall extremes on a nacroscale. Maps available fromthe U S. Departnent of
Conmer ce enabl e determi nati on of approximate limts of average mini num tenper-
atures, rainfall distribution zones, major climatic zones, and other zones
that influence types of vegetation that can be grown in an area. Determn ne
climatic conditions on a nmicroclimatic scale, or those climates within the
first few feet of the soil. It is inportant to characterize these because
they determine nore accurately whether plants and animals will be able to
survive drought, chilling, or frosts, or excess noisture. Those nicroclinmtes
characterized by |ow precipitation during the growing season will have a
deficit of noisture for plant growth, especially if tenperatures are high
For exanple, St. Paul, Mnnesota is in a semi-hunid grassland-forest transi-
tion zone because it has a nean annual precipitation of 25 inches. However
San Antonio, Texas, with the same nmean annual precipitation has sem -arid
veget ati on because of higher tenperatures (70°F vs. 44°F). Soil-water |osses
are greater in Texas than M nnesota. To obtain these tenperature and rai nfal
data at a local level, the planner should refer to | ocal neteorol ogical data
furni shed by the nearest National Weather Service station or establish an
onsite weather station obtainable fromscientific instrunent supply distrib-
utors. If the latter option is selected, data should be collected in the area
for as long as considered practical, preferably for at least 2 to 3 years.
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(b) CGeographic location and size. Geographic |ocation will determ ne
an area’s macroclimate and mcroclimatic characteristics, which will in turn

i nfl uence plants and animals. The potential or existing size of a disposa
area should be considered in relation to its |location; these interrel ated
factors determne an areads potential value for various beneficial uses. This
is particularly true for the devel opnent of wildlife habitat. Small areas may
of fer no appreciabl e habitat devel opnent potential, whereas |arge areas may
of fer numerous managenment possibilities. Location of the site is extrenely

i mportant, perhaps much nore so than the size. Item 13 rel ates an exanple
that illustrates this. A 2-acre upland site surrounded by marsh and | ocated
very close to the mainland may support a greater diversity of wildlife species
than a 10-acre island site with simlar habitat but isolated by open water
from marsh and mai nl and popul ations. The smaller site may often be used by
mar sh i nhabi tants such as rails, herons, egrets, and raccoons; it may be
visited by white-tailed deer and many snmall land birds; and it may support a
hi gh marsh rabbit popul ation due mainly to the abundance of surroundi ng marsh
veget ati on. Natural plant succession and di spersal of animl species occur

qui ckly and easily due to the area’s proxinmity to plant and ani mal sources.
The island site, although larger, may be used only by waterbird species.

Nat ural succession. and animal dispersal to the island are slower due to the
island’s isolation. Often dredged material islands are the only areas avail -
able for bird colonies, and the isolation keeps predators and human di stur-
bance to a m ni mum

(c) Topography, configuration, and |land features. A site/As topography
and configuration must be exami ned because these factors greatly influence
potential beneficial uses. The el evation of the dredged material in relation
to mean water level will deternine, for exanple, the kinds of vegetation and
habi tat that can be devel oped. Figure 4-1 in Chapter 4 illustrates this
point. Configuration of the site plays a large role in determ ning what uses
shoul d be pl anned. Coves on a dredged material island, for exanple, can |ead
to successful marsh establishment (item 2) because protection fromlong w nd
fetches is provided. Topography and | and configuration also relate to an
area’'s erodibility, flooding potential, waterway traffic, and future deposi-
tion plans. Hills, bluffs, and man-nade features will influence accessibility
and ease of devel opi ng desired beneficial uses. Mnitoring of these factors
is best achieved with an aerial photograph, topographic map, and di agramas a
base. El evational and bathynmetric data nay be unavailable and will have to be
est abl i shed by standard survey and geodetic procedures. A map or di agram
shoul d show access routes, both |and and water, as neans of transporting
equi prent; these routes should be rated. The map or di agram shoul d show
di kes, nounds, or other evidence of previous disposal. Note areas of debris
accunul ation and indications of nearby human activity such as a boat dock
cabin, foot trail, or livestock. See references in item 19 for techni ques on
reconnai ssance mappi ng.

(d) Soils or dredged naterial substrate. Analysis of core sanples and

soi|l sampling data should be made on existing soils to determ ne undesirable
physi cal and/or chemnical properties that my pose a hazard to potential site
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use. |f proper procedures are not taken, it is possible that buried undesir-
able materials could migrate upward through the water colum. See item 47 for
procedures to be used in sanpling and anal yzing soils, and for ways to handl e
any potentially hazardous soils. If the dredged material sedinments already in
pl ace are to be used for beneficial uses, sone physical and chenical tests
nmust be conducted. Soil properties influence kinds of plant species that can
be grown on the site or that will invade the site. These plants, in turn,

will ultimately affect other beneficial uses to be planned. Simlar physica
and chenical soil tests will also be necessary for dredged material sedinents,
since these materials will be the growing mediumfor plants. See item 47 for
the deternmination of soil or sedinent properties. After soil properties are
deternined, soil scientists should be consulted to determnine which soil treat-
ments are required to ensure adequate plant devel opment. Periodic nonitoring
of the siteAs soil properties should be carried out since fertilization and

ot her soil anendnents and physical treatments nay be necessary to ensure site
beneficial uses are not adversely affected by changing soil conditions. The
frequency of nmonitoring will largely be determ ned by economc and tine
constraints.

(e) Tides, waves, currents, and other hydrol ogic data. These factors
i nfl uence water and nutrient availability to plants and animals and cause ero-
sion. For salt marsh devel opnment, vertical elevation of a substrate with
respect to tidal fluctuations deternines the nunber of tines per year the sub-
strate and plants will be flooded with saltwater. The average nunber of hours
submerged per nonth and the average nunber of hours submerged during daylight
are inmportant in determning plant distribution (item 10). Because of the
energy and potential erosion they exert upon a site, waves can influence plant
establishment. Fetch, or the distance wind travels across water to reach
l and, and the depth of water are primary determ nants of the degree of wave
energies. Item 37 relates a nethod for evaluating wave clinmte based on
observed rel ati onshi ps between fetch, shore configuration, grain size, and
success in controlling erosion in 86 salt marsh plantings in 12 coasta
states. OF course, direct nmeasurenments for characterizing tides and waves can
be acconplished through el ectroni c gauges or by physically reading tides and
waves on staff rods. Currents are nornmally considered when dredged materia
is deposited in rivers and streanms. Currents have a direct effect on whether
pl ants can becone established. Current neters should be installed on the site
and nonitored for several nonths throughout the year to obtain a know edge of
maxi mum and m ni mum current conditions. Other hydrol ogic factors such as
wat er table and water |evels or depths will directly influence planned benefi -
cial uses due to their effect on plant establishment and zonation. Water
table, levels, and depths will influence the ability of plants to carry out
t heir physiol ogi cal processes (e.g. photosynthesis, respiration). Some plants
can tolerate nore or less water than others, which will in turn dictate what
vegetati on can be grown on a dredged material site. The vegetation will
largely dictate the kinds of animal habitat that can be devel oped or the kinds
of animals that will use the site. A procedural guide for nmonitoring such
things as depths to water table and other hydrologic factors can be found in
Item 47.
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(f) Water quality. Salinity, pH turbidity, dissolved oxygen (DO,
bi ol ogi cal oxygen demand (BOD), chenical oxygen demand (COD), and mi neral
nutrients within the water colum will largely influence the kinds of plants
and aquatic fauna that will devel op on or adjacent to a dredged material site.
They should be nonitored periodically prior to, during, and after dredging to
obtain an idea of how water quality conditions m ght change over tine, which
in turn mght affect plant and ani nal devel opment. (See Section 2-4 of this
manual for sanpling and | aboratory requirenents and procedures regardi ng water
quality factors.)

(2) Biological factors. Biological factors considered inportant to
noni tor include such things as: aquatic, sem aquatic, and upland plant
species; all animals species including soil macroinvertebrates, mcrofauna,
and bent hos; and shellfish and finfish.

(a) Vegetation. Know edge of existing plant species on or adjacent to
the site will enable plant species selection. |Indigenous plants may be desir-
abl e for various beneficial uses such as wildlife habitat devel opment, agri-
cultural, forestry, or horticultural purposes. Map the vegetation comnposition
and distribution, either fromvisual estimation or sanpling. Reconnai ssance
mappi ng and map use for various purposes, including wildlife and vegetation
and a guide to gaining natural resource information through rennte sensing
techni ques are discussed in item 19. This guide includes vegetation and
ani mal habitat inventory and assessnment. Item 27 provides habitat anal ysis
and eval uation nethods suitable for vegetation description and other site
attributes. Sanpling nmethods are not standardized for vegetation but nust be
tailored to the type and areal extent of vegetation and the level of infornma-
tion required. Excellent general references for nonitoring vegetation include
items 10, 26, and 36. Item 61 provides a guide of sanpling and sunmari zi ng
data for plant community surveys and classification, including nmethods, data
sheets, and conputer summarization printouts. The specific |ocation of any
pl ants protected by |aw shoul d be noted when sanpling vegetation. A botani st
famliar with the area should be consulted for species verification; regiona
bot anical field guides such as itens 65 and 70 will be hel pful

(b) Animals. Both aquatic and upland animals on and adjacent to the
dredged material site should be nonitored. Inportant econonic species such as
shrinp and other associated shellfish may be in adjacent waters and coul d be
cul tured and devel oped on the dredged material site. Furbearing aninmals such
as beaver and otter nmay be in the area and could be attracted to the site for
trapping pelts or other beneficial uses. Mnitoring of smaller aninals is
i mportant because they are part of the food web and can provide insight to use
by | arger predatory animals. Current and future aninmal use of a site, in gen-
eral, should be determ ned through observation of signs such as tracks or
browse marks, actual observations, or some form of sanmpling. For exanple, in
sampl ing both aquatic and upl and animals on dredged material in the intertida
zone of a Texas site near Galveston, nonthly observations at exact |ocations
were made. Aquatic invertebrates on the water bottomthat nay be covered

16-6



EM 1110-2- 5026
30 Jun 87

during the dredgi ng process or during beneficial use devel opment shoul d be
descri bed by species conposition, abundance, and distribution. For infornma-
tion on sanpling techniques, consult item 22, which discusses sanpling of salt
mar sh bent hos and burrows; item 50, which describes a reconnai ssance techni que
for oysters; and item 85, which describes sanpling for fiddler crabs in salt
mar sh. Ot her aquatic ani mal sanpling and nonitoring nethods for plankton

peri phyton, macrophyton, macroinvertebrates, and fish are anply discussed in
item 83. For purposes of definition, nmonitoring of upland animals wll

i nclude in this manual those ani mal species, such as waterfowl and col onia
nesting birds, that use unflooded | and for any of their life requisites.

I[tem 69 provide numerous nmethods of nmonitoring primarily upland ani nmal

speci es. Another general reference that applies primarily to upland ani nal
nmonitoring is item34. Item 27 provides an excellent discussion on estimation
of density of primarily upland animals by use of the |line transect nethod.

For dredged material that will be or has been deposited in a floodplain,

item 78 provides a sanpling nethod for floodplain arthropods although they
stated there is no single sampling nethod applicable to studies of arthropods,
as these animals vary in nobility and m crohabitat preferences. Additiona
literature on sanpling nethods of upland animal popul ations includes itenms 5,
8, 35, 55, and 58. A wildlife biologist famliar with the proposed or

exi sting dredged material site can estimate wildlife use of the site and
shoul d be consul ted about the presence of threatened, rare, or endangered
species. Critical habitat and areas of concern for these species nust be

| ocated, protected, and/or enhanced in every dredgi ng project.

e. Conclusion. Mnitoring nethodol ogy should be tailored to the
nature of the element and the overall reason for nonitoring. In this case, it
is to ensure that dredged nmaterial operations eventually |lead to sonme planned
beneficial uses. Monitoring nethodol ogy can be as sinple as a yearly record-
ing of presence or absence or as intensive as necessary to establish and docu-
ment a managenent program or provide statistically reproducible data to
protect legal interests.
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CHAPTER 17
SI TE VALUATI ON
17-1. Eval uati on.

a. Dredging in our Nation’s waterways and harbors is necessary to
mai ntai n navi gati on. However, the costs of dredging can sometines be justi-
fied by documenting the benefits that can be derived froma network of navi-
gabl e wat erways. Tangi bl e dollar benefits are generally savings in shipping
costs realized by shippers using the waterways. In addition to dredging
costs, the costs of disposal of dredged material from waterways are substan-
tial. In conventional disposal operations potential benefits are usually
i gnored, and the cost of the disposal operation is sinmply part of the tota
cost of the entire dredgi ng-di sposal project.

b. Dredged material can provide soci oecononic benefits if beneficia
uses are inplemented. Uses of either the material itself or the contai nment
area in which it is placed are options. Land enhancenment benefits fromthe
pl acenent of dredged material can be substantial, and highly productive habi -
tat can be devel oped on disposal sites. The value of new or filled |land or a
wet | and or other habitat created by disposal of material dredged froma proj-
ect is a valid benefit that can be credited to the overall project. Both new
and mai nt enance dredgi ng projects should eval uate | and enhancenent and benefi -
cial use alternatives. An analysis should al so be nmade of the associated
soci oecononi ¢ benefits and costs of the di sposal of dredged material. This
process shoul d consi der several alternatives for disposal including beneficia
uses, and should consider all benefits and costs, tangible as well as intan-
gi ble. A nunmber of factors need to be considered in benefits, including atti -
tudes and opi nions of local citizens, resource agencies, and environmental
groups, the general public good, and distinguishing or limting historical or
archaeol ogi cal features.

c. To aid in the evaluation of the |and enhancenment val ue and asso-
ciated benefits that can be derived by the beneficial use of dredged materia
cont ai nnent areas, a |land val ue nmet hodol ogy has been devel oped for certain
types of beneficial uses. The nethodol ogy is basically designed to provide
gui dance for projects still in the early planning stages and produces esti -
mat es of the direct market value of the created land, the related conmunity
benefits, and adverse inpacts fromthe |and use. The use of this nethodol ogy
can hel p highlight the many advant ages of the beneficial |and use of dredged
material . Project sponsors and |local officials nay gain w der public support
for beneficial use projects if they can effectively denpnstrate to the com
munity the full range of benefits from project inplenentation

17-2. Met hodol ogy.

a. Basis of Appraisal. The basis for the |and val ue portion of the
met hodol ogy is the conparabl e sal es approach often used in real estate
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apprai sal. This approach was considered the nost appropriate for the val ue
estimate of newy created | and from dredged material. For the assessnment of
associ ated benefits and adverse inpacts resulting fromthe | and-use project, a
matri x has been devised to categorize and describe all relevant effects. The
nmet hodol ogy itself can be divided into: site description, establishment of

use potential, estimate of value, and associated benefits and adverse inpacts.
The first three collectively estimate the site value changes; the fourth
identifies the associ ated benefits and/or adverse inpacts of the |and-use

proj ect .

b. Site Description. Before an analysis of the value of a site can
begin, the site nmust be described in terms of its physical features, environ-
mental setting (including natural and man-nmade areas), and relationship to the
econom ¢ structure of the area. This phase of the nmethodology is primarily a
dat a base for subsequent anal yses. Many of the itenms of inportance to the
val ue of the prepared site will emerge during the course of this data-
gat hering task. Taking the required tine to devel op the data needed for this
section of the methodol ogy, the final estimte of value can be made with nore
confi dence.

c. Establishnment of Use Potential. This section of the nethodol ogy
establishes the nost |ikely and the highest and best use of the contai nment
area after the dredged material has been placed, dewatered, and consoli dated.
Normal |y, the highest and best potential use of a piece of land, within exist-
ing legal and institutional constraints, is used as the basis for the val ue
assessment. Val ues of conparable land in the area deternine the value of the
new pi ece of land. The use potential is established by identifying current
| and uses surrounding the site, the need for certain land uses within the
area, the zoning intensity of various |levels of devel opnment, and other insti-
tutional and legal constraints. Al so, the physical characteristics previously
identified must be considered. For exanple, a disposal site made of fine-
grai ned dredged material will not be suitable for high-rise devel opnents
despite other positive attributes, but it may have use as a recreation site
where | ow | oad structures may be safely erected, or as a wildlife habitat and
nature area. Finally, the accessibility of the site to the existing infra-
structure is an inportant deterninant of practical use potential

d. Estimte of Val ue.

(1) This is the final stage of the methodology in the actual site
val uation process. For the successful acconplishnent of a value estimte, an
econom st or real estate appraiser famliar with [ and val ues shoul d be
i nvol ved. Three key functions rmust be perforned in the estimtion process:

(a) Land parcels simlar to the site to be created by the contai nnent

area and for which there are recent sale or assessment data nust be
identified.
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(b) An estimate of denmand or need for the new site nust be made based
on the information obtained in the estimte of use potenti al

(c) The relative applicability of the conmparable sites versus the new
site for beneficial uses nmust be detern ned.

(2) Values of conparable parcels are the basis on which the nmarket
value estimate i s made. Once the conparabl es have been identified and their
val ue established, a utility estimate is made to determ ne how similar, with
respect to “val ue-produci ng” factors, the conparables and the new site are
If the conmparables and the new site are sinmlar with respect to accessibility,
zoning restrictions, proximty to public services, foundation constraints,
etc., then the conparabl es can be considered to have equal utility to the new
site and be used to establish site value. Using the relative utility neasure
and the demand for the new | and use, an adjusted value for the new site can be
estimted. By conparing this value estimate with the original value of the
site before the dredged material was deposited, a |and enhancenment benefit can
be estimted for whatever beneficial use that has been proposed.

(3) Before an estimated | and val uati on can be deternined for other
t han upl and human-use sites, values nmust be deternined for such potential site
uses as wetl ands and other types of habitat devel opment, nonconsunptive
recreation, fish nursery areas, conmercial and nonconmercial shellfish and
finfish industries, aquatic vegetation, endangered species critical habitat,
water quality, and other difficult-to-estinmate variables. These types of
val ues are extrenmely controversial and hard to assess. None of the scientists
working in their fields in the devel opment of val ues agree on uniformesti-
mat es. Val ues often need to be assigned on a site-specific basis. WES has
been coming to grips with this problemthrough the Dredgi ng Operati ons Tech-
ni cal Support Program and Wetl ands Research Program WES often assists
Districts in reaching estimted val ues of new or proposed dredged material or
mtigated sites.

e. Associated Benefits and Adverse |npacts.

(1) The direct increase in market value of a site fromthe placenent
of dredged material is an inportant |and enhancenent benefit; however, the
i nduced associ ated benefits and/or adverse inpacts can al so be substanti al
These benefits and inpacts may touch many different econonmic groups in a wde
geographi c range away fromthe site. The nethodol ogy can assist in identify-
ing these benefits and inpacts, describing their nmagnitude and significance,
and di splaying them for decisionmakers and the public.

(2) Two guides were devel oped by Conrad and Pack (item 15) to assi st
in identifying the significant benefits and inpacts resulting fromthe benefi-
cial use of dredged material contai nnent areas. One guide graphically shows
the rel ati onshi ps of various categories of effects which could result froma
productive | and use. The other lists specific types of social, econonic, and
environnental factors that m ght be affected by the beneficial use. These
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gui des are by no neans all-enconpassing but provide a framework for identifi-
cation of the inportant benefits and adverse inpacts.

(3) Once the benefits and adverse inpacts are identified, a matrix can
be used to describe and evaluate them The matrix should have a sinple struc-
ture, and the evaluation is based on the judgnent involved in the process. No
general wei ghting system was consi dered appropriate for the eval uation of
t hese associ ated benefits and adverse inmpacts. However, a matrix should all ow
this subjective evaluation to be displayed so that other interested parties
can review them An inportant point should be renmenbered when using this
nmet hodol ogy. The entire methodology is intended as a set of guidelines, and
it involves the application of sound judgnent in a multidisciplinary group
Devi ati on fromthe nmet hodol ogy nay be warranted where sound judgment dictates
that the situation being investigated does not lend itself to application of
t he net hodol ogy, such as when dealing with habitat applications of a site.

17-3. Case Studies. In devel oping the nmethodol ogy, 15 case study sites were
exami ned and the nethodol ogy tested on each (item 15). As devel oped, the

nmet hodol ogy is to be used on undevel oped sites for planning purposes. Sites
that were already devel oped were selected in the interest of getting a diverse
group for testing. The results of the case studies indicated that the nethod-
ology is flexible and adaptable to a wide range of sites. Table 17-1 lists
the case study sites along with their physical and dredged material character-
istics. Table 17-2 shows the settings of the case study sites. Table 17-3 is
a conpilation of the estimted change in | and values of the sites as a result
of devel opi ng them for upland beneficial use. The val ues indicate that,

t hrough beneficial use application, dredged material containment areas can
realize significant increases in value. The wi de range of value increases
shows that the value increase is a site-specific characteristic. The nethod-
ol ogy, however, allows an estimation of this change before the site is devel -
oped. Table 17-4 is presented to show the types of associated benefits and
adverse inpacts that were encountered during the case studies. Details of the
case studies are available in item 15

17-4. Use of the Methodol ogy. The | arge | and enhancenent benefits that can
accrue fromthe beneficial use of dredged material nake this alternative to
conventional disposal particularly attractive. The nethodol ogy described in
Chapter 17 is a tool that can be used in the planning stages to identify and
eval uate both the tangi ble increase in market value and other benefits to be
derived from beneficial upland | and use. Use of this methodol ogy can only
serve to point out these benefits and/or adverse inpacts so that appropriate
di sposal alternatives will not be overl ooked. The net hodol ogy does not apply
to sites not used as upland human-use sites such as wetl ands. See

para 17-2d(3) for a discussion of other site valuation
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Table 17-1
Case Study Site Physical and Dredged Material Characteristics (item 15)
Depth
to
Founda-
Approximate Soil Characteristics tion
Size Grain Bearing Vegetative Strata
Site Location ha acres Type Size Capacity _Support m _ft
Anacortes Anacortes, WA 11 26  Sand/ Fine Fair Good 8 25
clay
Artificial Island Salem County, NJ 81 200 Silty Fine Fair Good 21 70
clay
loam
Bay Port Green Bay, WI 233 575 Sand/ Fine Poor Good 5 15
clay
E. Potomac Park Washington, D.C. 133 329 Siic/ Fine Poor Good 31 100
clay
Fifth Avenue Marina San Diego, CA 9 22 Fine Fine Fair Good NA
sand
Florida State Hillsborough Co., FL 112 276 Sile/ Fine Poor Good NA
Fairgrounds clay
Hookers Point Tampa, FL 162 400 Silt/ Fine/ Fair Good NA
clay medium
Hoquiam Hoquiam, WA 18 45  Sand/ Fine Fair Good 10 34
silt
Patriots Point Charleston, SC 182 450 Silty Fine Poor Good 18 60
loam
Vicksburg Vicksburg, MS 142 350 Sand/ Fine Good Good 12 40
silt
Virginia Beach Virginia Beach, VA 17 43 Sand & Fine to Fair Poor NA
clay medium
Pelican Island Galveston, TX 1306 3225 Sile/ Fine Fair Good NA
clay
Port Jersey Jersey City, NJ 172 430 Sand/ Fine to Fair Poor 23 75
clay medium
Blount Island Jacksonville, FL 680 1700 sile/ Fine Good Good 25 80
clay
Rivergate Memphis, TN 172 425 Sand/ Medium Good Good NA
. clay
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Table 17-4

Case Study Sites--Associated Benefits/Adverse Inpacts (item 15)

Associated Benefits/Adverse Impacts

lArtificial Island

lAnacortes

Adjusted value increase
Increased business activity
New jobs
Increased taxes/revenues
Sales
Real estate
Community attractiveness
General boost to economy
Operations revenue
Provide needed community facilities
Increased recreation opportunities
Construction jobs
Utility taxes
Decrease in area taxes
Public education (re:
plants)
Increased congestion
Higher property taxes
Environmental degradation
Increased municipal expenses
Limits area development potential
Community concern
Detracts from adjacent vistas
Improved medical care services
Provide needed power
Educational/cultural opportunities
Expands area tourist potential

nuclear power

> Ll
Lol el ~

»

Introduce alternative transportation mode
Create site for administrative offices

17-8

IBay Port

pdod

lE. Potomac Park

IFifth Ave. Marina

»

IFlorida State Fairg.

ol R pE g o>

B

'Hookers Point

[l ] ISRl

P4 oPd e

IHoquiam

»opa X

lPatriots Point
Ivicksburg

R ] >

=

»opa

laltel]

IVirginia Beach

ISR

»

lPelican Island

>

IPort Jersey

>4

I Blount Island

>

IRivergate
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